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AUTHOR’S INTRODUCTION. 

Apter tlie return, of the Expedition to England in 1913 the magnetic curves and the 
observation books from Cape Evans, together with notebooks by the two magnetic 
observers, Dr. G. C. Simpson, E.R.S., and Capt. C. S. Wright, were handed to me at 
Kew Observatory. An arrangement was come to between the Director of the 
Meteorological OfS.ce and the Committee charged with the preparation of the material 
for press, which set free a sixth of my oflScial time up to the end of 1917 for dealing with 
the magnetic results. The observations taken by the naval ofiScers, except a few taken 
at Cape Adare, were reduced under the supervision of the late Commander Harry 
Pennell, R.N. They were finally transferred to me along with the observations at 
Cape Adare, which had been partly reduced by the observers, Lieut, (now Commander) 
V. Campbell, R.N., and Surgeon G. M. Levick, R.N. 

The preparation of the material obtained at Cape Evans has taken much longer 
than was originally contemplated. It soon became obvious that publication would 
not be possible during the progress of the war. Thus no object was to be gained by 
hurrying on the completion of the work. The data were accordingly used for a variety 
of researches which could not have been undertaken if early publication had been essential. 

Before the Expedition set sail, 36 term hours had been selected, and a request 
had been issued to a number of observatories to take quick-run magnetograms during 
these hours, and to send copies of the records for comparison with the corresponding 
records to be obtained in the Antarctic. Twenty-three observatories co-operated in 
this scheme, which thus resulted in the accumulation of a large mass of material. 
Having participated in several of these international quick-run programmes I can 
appreciate the large amount of trouble taken by the staffs of the co-operating stations. 
It inevitably happened that some of the term hours occurred during the night at many 
of these stations, and so made a specially onerous claim on the staff. The principal 
object of the term hours was to secure corresponding open time scale records of 
magnetic disturbances from different parts of the world. The chief reason for having so 
large a number of term hours was to increase the chance of including one or more 
considerable disturbances. The chance that a pre-arranged hour wifi, be highly disturbed 
is very small, especially in comparatively quiet years like 1911 and 1912. 

Quick-run curves have disadvantages as well as advantages. The time of occur- 
rence of a bold movement can of course be determined much more exactly on a quick-run 
trace than on an ordinary trace, provided quick running does not prejudice the uniformity 
of rotation of the drum carrying the photographic paper. But what would be a bold 
movement on an ordinary curve possesses in a quick run so slight an inclination to the 
time axis that the accuracy with which turning points can be determined is less than 
might be expected, and the correspondence or lack of correspondence between the 
movements at remote stations becomes a very difficult thing to decide. When 
disturbance is small the ordinary diurnal variation is not relatively insignificant. It 
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depends on the local time, and so differs at difierent stations. Also, as we now know, 
there is really no such thing as a regular diurnal variation depending only on the 
season of the year and independent of the magnetic character of the day. The 
disentangling of what is local from what is general in minor disturbances must be 
difficult, and it is in fact a task for which we do not as yet have sufficient knowledge. 
Thus while there are certain enquiries for which quick-run curves seem likely to be 
essential, the subject requires more consideration than it has yet received. 

Owing to the growth of artificial disturbances there are a good many observatories, the 
records from which are not above suspicion. Their value for ordinary purposes may be 
but little afiected, but the significance of small short-period oscillations is open to doubt. 
Some of the records actually received from the co-operating observatories obviously 
suffered in this way, and were not suitable for the study of any but the larger disturbances. 

To show an adequate appreciation of the labour entailed by the taking of the 
quick runs, I decided to utilise the records for a purpose not originally contemplated, 
viz., an investigation into one aspect of the scheme of measurements of magnetic 
activity ” due to the late Professor Bidlingmaier. This entailed a considerably greater 
amount of arithmetic than had been anticipated. Another somewhat onerous research 
was into the diurnal variation of magnetic disturbance as given by hourly “ character ” 
figures, following again a lead given by Professor Bidlingmaier. 

The most onerous research of all was a comparison of a selection of magnetic 
disturbances as recorded in the Antarctic and elsewhere. It was realised soon after 
the Antarctic work was undertaken that such a comparison was likely to advance 
knowledge more than a study of minor disturbances in the quick-run curves. After 
careful inspection of the Antarctic and Kew curves, a list of disturbed times was 
prepared and issued to selected observatories, with a request for copies of the curves 
for the times on the list. A very generous response was made by the following 
observatories : Sitka and Honolulu (through the Superintendent U.S. Coast and 
Geodetic Survey), Agincourt (Toronto), Buitenzorg, Mauritius, Alibag (Bombay), and 
Helwan. Also the Eskdalemuir curves were put at my disposal by the Director of the 
Meteorological Office. 

After the whole work had been completed, a paper appeared by Dr. S. Chapman* 
giving the general results of comparisons of a number of magnetic storms having 
“ sudden commencements ” recorded by a series of observatories, including several 
of those mentioned above. Somewhat curiously a corresponding incident occurred 
in the case of the National Antarctic Expedition of 1902-0-1. After all I had intended 
to do in discussing the magnetic results of that expedition had been done, there 
appeared the first of the two large volumes in which Professor Kr. Birkelandf described 
the results of magnetic observations made in the Arctic regions in 1902-03. In that 
case I decided to leave what had been written unaltered, but to write an additional 

* “■ Roy. Soo. Proo.,’ k, vol. 95, p. 61. 

f ‘ The Norwegian Aurora Polaris Expedition, 1902 — 03,’ vol. I. 
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chapter comparing the Arctic and Antarctic records. In the present case I have so far 
followed the precedent set on the previous occasion as to leave what had been already 
written unaltered. Thus any statement in the present volume which agrees with 
conclusions drawn by Dr. Chapman is quite independent, and any statement that 
may seem to controvert his opinions is absolutely unprejudiced. The further precedent 
of writing a fresh chapter has not been followed. Professor Birkeland supplied data 
for individual magnetic storms which were represented in the Antarctic, whereas 
Dr. Chapman deals only with mean results from a number of storms, few if any of w'hich 
were represented in the Antarctic curves. * 

In the execution of the work I have received valuable help from Mr. James Poster, 
a retired member of the old Kew Observatory staff. With the aid of a boy assistant 
he took all the curve measurements, and did all the calculations required for the hourly 
values, the daily maxima and minima, and the diurnal inequalities. He likewise 
measured aU the quick-run curves at 5-minute intervals, and carried through the very 
laborious arithmetic required for the calculation of the magnetic “ activity.” Besides 
checking all the arithmetic, I took all the curve measurements required for the 
discussion of the disturbances. This was not work which could have been satisfactorily 
delegated to an assistant. Disturbances are very irregular phenomena, and it seemed 
impossible to lay down in advance any prescribed method of treatment likely to prove 
universally satisfactory. Without a minute study of individual disturbances it would 
be difficult to obtain the general grasp of the subject desirable for a critical discussion. 
But for the permission to use part of my official time the work could hardly have been 
done. In addition a considerable proportion of my leisure time has had to be given, 
especially during the last two years. Arduous as the work has been, it has entailed 
none of the physical strain to which the observers who obtained the data were exposed. 
The conditions under which they observed bore considerable resemblance to those of 
our soldiers on active service, while, unlike the soldiers, they had to look for little 
appreciation of their labours except from a very small minority of their fellow- 
countrymen. It has been my endeavour to show my personal appreciation of the 
task executed in the Antarctic by doing what I can to utilise the results to the best 
advantage. 


January, 1919. 


C. CHREE. 


Since the above was written Chapter XIV has been added, dealing with the relation 
between aurora and magnetic disturbance. It was rendered possible by the kind co- 
operation of Capt. 0. S. Wright. I have also to thank Col. H. G. Lyons, P.R.S., for 
advice and assistance while the work was passing through the press, and I wish to 
express my indebtedness to Messrs. Harrison and Sons for the great care and skill 
exercised in the reproduction of the magnetic curves. 

January, 1921. CHREE. 
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CHAPTER I. 


DESCRIPTION OF BASE STATION AT CAPE EYANS. RESULTS OF 

ABSOLUTE OBSERVATIONS. 


Section 1. — The magnetic work in the Antarctic at the base station at Cape Evans 
was carried out by Dr. G. C. Simpson, F.R.S., and Capt. C. S. Wright. His official duties 
recalled Dr. Simpson to India at the beginning of the second year, and subsequently 
Capt. Wright was in charge of the magnetograph. The installation of the instruments 
and a number of details relating to their subsequent working were described by 
Dr. Simpson in a notebook which he put in my hands, and from which I shall make a 
number of quotations in the following brief summary of events. 

It was decided that a cave dug in the ice would have many advantages over an 
ordinary hut as a magnetograph chamber. For one thing, it would be much less liable 
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T Tunael entrance to cave. 

C Curtain. 

C' 

Y Magnetograph recording V (vertical component). 

IS' „ „ E' (approximately East component). 

S' „ „ S' (approximately South, component). 

D Drum for photographic paper, driven by clock. 

L lamp. Source of light for magnetic curves. 

I Lamp for hour mark. 

Fio. 1. — Icc Cave. 


to rapid changes of temperature. The digging of the cave was begun on January 14, 
1911, and completed within a week. The cave is shown roughly in plan in Fig. 1. 
Its length ran approximately East -West, and the entrance tunnel North-South. “ The 
height of the cave was a little over 6 feet, so one could stand upright and work in comfort. 
The cave was made dark by covering the inside walls and roof with felt. Two curtains 
(C and C' in the figure) closed the entrance.” 

Before the erection of the magnetograph the intensity of H (the horizontal force) 
in the cave was compared with that in the absolute magnetic hut, a question to which 
we shall return presently. 
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Dr. Simpson’s description of the way the magnetograph was supported is as 
follows ; — “ For reasons which need not be gone into here I was not able to take stone 
pidars or slabs of slate for the magnetic instruments, but took a wooden table instead. 
The three instruments (marked V, E' and S' in Fig. 1) were on a table consisting of a 
slab of hard wood, 137 X 30 X 3' 2 cms., which was screwed on to two very solid hard 
wood pillars about 25 cm. in cross section, firmly set into the solid frozen ground of 
the cave. The whole table was so solid that I expected no difiiculty with it ; but as 
the diary shows, it did warp and caused a great deal of trouble when the temperature 
of the cave was changing during the autumn and spring. The lamp and drum (L and D 
in the figure) were on another table extending across the far end of the cave and supported 
by being let into the solid ice walls of the cave.” 

The instruments marked V, E' and S' in Fig. 1 were intended to record changes in 
the vertical component of magnetic force and in two horizontal components, one directed 
to Astronomical East, the other to Astronomical South. To secure this, the magnet 
for the E' instrument should have been oriented true North and South, and that for 
the S' instrument true East and West. The orientation was done on January 21 with 
the aid of a compass. The result, xmfortunately, did not prove satisfactory. Subse- 
quent orientation by astronomical methods, carried out in August and September, 1911, 
showed an error of 7° 36' in the orientation. Consequently the instrument marked E' 
measured changes of force in the direction 7° 36' South of East, and that marked S' 
measured changes of force in the direction T 36' West of South. 

The adjustment of the magnetograph was commenced on January 25, and an 
experimental record was taken during the subsequent night. It was found that one 
of the quartz fibre suspensions was too fine, and fibres having a diameter of about 
0-06 mm. were adopted for both the E' and S' instruments. 

Originally the lamp marked L in Fig. 1 was an oil lamp, but it smoked so badly 
during the trial runs that it was decided to replace it by an electric lamp. A battery 
of 12 storage cells was accordingly set up for the purpose, and leads taken from it to 
the cave. 

The usual arrangement for securing time marks on the photographic sheet is to 
have the fight from the lamp L, which goes to form the base line, interrupted hourly 
by a shutter actuated by the clock which drives the drum. 'This method remained in 
op*eration throughout, but an additional time mark which extended right across the 
width of the sheet was secured by Dr. Simpson in the following way ; — “ At each hour 
a clock (called the standard or S clock) automatically switched the current from the 
lamp (L in Fig. 1) in the lantern to a lamp (i) placed in such a position that it illuminated 
the cylindrical lens {i.e. the condensing lens just in front of the photographic sheet on 
the drum), and produced a black line across the record. I had a bell in the lamp circuit 
which rang loudly whenever the current failed ; when the current was being switched 
from one circuit to the other the current was broken sufl&ciently to give a single knock 
of the clapper on to the bell. The horn: lamp circuit was closed for approximately 20 
seconds, when the current was switched back to the lamp in the lantern, the bell giving 


2 



a single sound when this happened. When I wished to compare the time recorded 
on the trace with the chronometer it was only necessary to be at the chronometer at 
the hour and note the time of the two bell rings. . . Each morning at 8 o’clock, 
as soon as the first (or make) bell rang, I went over to the chronometer and was 
ready there when the second bell rang to note the time. . . I attempted to keep 

the error of the S clock less than 1 minute.” 

The regular use of the magnetograph began on February 1. Considerable trouble 
was experienced at the start. As it so happened, magnetic conditions at the time were 
highly disturbed, and during the first week there was so much crossing and intercrossing 
of the V, E' and S' traces that their identification was too uncertain for satisfactory 
measurements to be made. Steps were at once taken to surmount this difficulty, and 
after the first week there was little further trouble on that account. 

Section 2. — The absolute determinations of declination (D) and horizontal force (H) 
were all taken with unifilar magnetometer Ko. 25, employing for declination the colli- 
mator magnet 25b, and for horizontal force the collimator magnet 25a, and the mirror 
magnet 25o. The instrument though old was in good repair, having been overhauled 
by Mr. A. W. Dover shortly before the expedition set sail, the constants of the magnet 
being freshly determined at Kew Observatory. The magnet 25a being well seasoned, 
retained its magnetic moment wonderfully well under the trying conditions to which 
it was exposed. 

All the observations of inclination (I) were taken with the dip circle No. 26. At 
the start use was made of two needles. Nos. 2 and 8, belonging to No. 26. Needle No. 2 
was discarded for a time after March 3, 1911, being replaced by needle No. 5, also 
belonging to dip circle No. 26. Needles Nos. 8 and 5 remained in use until March 3, 
1912, when needle No. 5 had to be replaced by needle No. 2. Another change had to 
be made in July, 1912, when needles Nos. 1 and 2 of circle 186 replaced needles 
Nos. 8 and 2 of circle 26. It is hardly likely that the change of needles was wholly 
without effect on the observed values of the dip, but the conditions in the Antarctic 
dift'er so enormously from those at Kew Observatory, where comparative readings 
had been taken with the several needles, that it is impossible to say what the effect 
may have been. 

The following is Dr. Simpson’s account of the procedure followed in the absolute 
observations* The Kew methods were followed with one or two slight variations. 
The dip was first determined in the usual way, two needles being used. A vibration 
observation was then made. Before June 9 (1911) sufficient care was not taken to see 
that the thermometer recorded the correct temperature of the magnet. On this date 
the practice was commenced of leaving the magnet at least 15 minutes in the vibration 
box before the swings were commenced. In the note entered to January 24 (see later) 
reasons are given for cutting down the number of swings from 165 to 95. Even then 
there was nearly always a large shift of the zero during the observation causing the time 

* Tlie order of the ohservations was not always the same. 
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of tke swing to the right to be different from that to the left. Deflection observations 
were then taken in the usual way, the distances being 42 and 56 cms. with end pieces 
on the bar (these were pieces which could be attached to the ordinary deflection bar^ 
lengthening it snfiiciently to get suitable deflection distances for the low value of H 
found in the Antarctic). Another vibration observation was then made, the object 
being bo eliminate as far as possible the effect of a change of field between the 
determinations of mH and m/H (m being the magnetic moment of the magnet). A 
dechnabion observation was then made. The instrument was clamped in a suitable 
position, and scale readings between which the magnet was swinging noted for three 
minutes. The magnet was then inverted and the scale readings during another three 
minutes noted. The magnet was again placed upright (i.e. as before the inversion) and 
the first observation repeated. The whole process occupied 10 minutes. The vernier 
was read before and after the observation to see that the iustrument did not move during 
the observation. Great care was taken with the torsion. Any torsion found at the 
beginning was removed and the torsion at the end measured and noted.” 

The note dated January 24 referred to above is as follows : — “ There are such 
large changes in the declination that before the needle has made 100 swings the centre 
of the scale is in most cases not crossing the vertical wire. For this reason the number 
of swings has been reduced to 95 instead of the usual 165. This procedure will be 
followed in all our absolute determinations.” 

The usual procedure is to note the time of each fifth transit from 0 to 65, and then 
after a pause from 100 to 165. Combining transit 0 with transit 100, transit 5 with 
transit 105 . . . and finalty transit 65 with transit 165 one gets 14 observations of the 
time of lOO vibrations. The procedure followed by Dr. Simpson was to observe each 
fifth transit from 0 to 95 without a pause. By combining transits 0 and 50, 5 and 55 
... he got ten observations of the time of 50 vibrations. 

As already mentioned, the time when the observations commenced was much the 
most disturbed period of the whole two years, 1911 being a considerably more disturbed 
year than 1912, and midsummer (December- January) being the most disturbed period 
of the year in the Antarctic. The curtailment of the ordinary scheme would seem to 
have been unavoidable under the conditions then prevailing, but during most of the 
subsequent time, and especially during the winter months it could probably have been 
followed, possibly with advantage. 

One of the drawbacks to the usual procedure is that, owing to the low value of H 
in the Antarctic, the time required for 165 swings is much longer than in England, 
and an increase in the time increases the trouble arising from changes of declination. 
This difficulty might have been turned by observing every third instead of every fifth 
swing. 

During 1911 there was on the average about 1 absolute observation of each element 
per week. The number declined during 1912, especially during the later months. 
In the ease of a declination magnetograph of a stable type at a station where large 
disturbance is rare, one absolute observation a week should suflhce to naa intain a very 
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high degree of accurac 7 in base values. But under the conditions prevailing at Cape 
Evans, a considerably larger number of absolute observations would have been necessary 
for base values of the accuracy called for when mean values are calculated for individual 
days. At Cape Evans the elements recorded by the magnetograph and the elements 
observed with the absolute instruments were in no case the same. Thus even under the 
most favourable conditions an increased number of absolute observations would have 
been desirable. In the case in fact of the vertical force, an absolute instrument giving 
the force directly will, I suspect, have to be invented before base line values of high 
precision can be obtained in high, magnetic latitudes. It is obviously impossible to 
hope for accuracy to ly or even to lOy iu values of vertical force, when one has to arrive 
at them indirectly with the aid of a dip circle, and an error of 1' in the dip implies an 
error of SOOy in vertical force. 

Section 3. — Table T, p. 8, gives a summary of the results of the absolute declination 
observations at Gape Evans. They were all taken with the collimator magnet 26 b. 
n’he times refer to 180° B., that having been adopted after full consideration by 
T)r. Simpson. Also, in accordance with the method he adopted of showing the results, 
the declination is measured from South to East. The more usual procedure is to measure 
declination from hTortli in the clockwise direction, so that what appears as 26° 20' for 
example in the table would usually be described as 164° 40', or 154° 40' E, I am quite 
alive to the fact that a good deal can be said, and is not unlikely to be said, against the 
procedure adopted here. But it seemed to me in view of the problems arising in 
connection with the magnetograph to have a balance of advantages wlien dealing 
with the absolute observations. ‘In the case of the diurnal ineq[uality the ordinary 
definition is adopted. The table includes some observations made in December, 1911, 
and January, 1912, at a temporary station on sea ice, over deep water at some distance 
from shore. These are distinguished by an asterisk', and are specially considered 
later. 

In some months, October and hTovember, Iflll, the hour of observation is 
fairly uniform, ljub in other months, e.g., April, 191 1 , the time varies considerably. 
Also there is considerable difference between the mean liour of observation in different 
months, e.g., May, 1911, and May, 1912. Such variability is of little if any importance 
under normal conditions at a station furnished with a magnetograph, hecatxse ordinarily 
one relies entirely on the curve measurements for mean monthly and annual vahie.y, 
But in view of the uncertainties which we shall presently encounter, when dealing with 
the base values of the Antarctic curves, a close approach bo uniformity in the hour of the 
absolute observations would have had much to commend it. 

I’ahle IT, p. 9, summarises in like fashion the results of the absolute observations of H. 
The complete observation, as already explained, consisted of two vibration experiments 
with an intervening deflection experiment, 'rhe deflections being made at the 
unusually great distances of 42 and 56 cms., the correction factor involving the 

distance r and the “ distribution constant ” P was a priori certain to be of trifling 
importance. A value was, however, determined for P in the usual way, combining 



all tlie deflection observations, 64 in number, -whicli appeared satisfactory. The 
resulting value of P was so nearly zero that no correction was necessary. 

Besides H, Table 11 gives the values obtained for m, the magnetic moment of the 
collimator magnet 25a reduced to 0° C. With a magnet as seasoned as 25a the magnetic 
moment, though not an absolute constant, shows only a small gradual loss. The 
fluctuations in m apparent in Table II in the case of observations during the same month 
represent in the main observational uncertainties. They represent no doubt to some 
small extent inaccuracies of setting the magnet or reading the verniers, but arise in the 
main from the natural fluctuations in H continually in progress. The approach to 
xmiformity in the value of m is the best criterion usually available in judging of the 
quality of H observations. Any large abnormality, such as occurs for instance in the 
values for March 3 or July 11, 1912, justifies the rejection of the observation for base 
line purposes, or for the determination of P. In the case of the observations taken 
during December, 1911, and January, 1912, on sea ice, no deflections were made. These 
observations are distinguished by an asterisk and are separately discussed. As no 
deflections were taken, no value was obtained for m,. 

Table III, p. II, includes the results of the absolute dip observations. There was 
internal evidence that the observation on February 23, 1911, with needle No. 2 was not 
satisfactory and it was rejected, the result from No. 8 being alone employed for the base 
value calculation. In general, the agreement between the results obtained with the two 
needles is eminently satisfactory. The behaviour, however, of needle No. 8, which 
was subsequently discarded, appeared somewhat doubtful during the two later 
observations of June, 1912, and use was made only of the results from the other needle. 
As in the case of D and H, observations were taken on sea ice during December, 1911, 
and January, 1912. These are marked with an asterisk, the values are obviously in 
excess of those at the base station. 

Section 4. — In view of the special uncertainties encountered in the curve base line 
values it seemed worth while getting out the monthly mean values as derived directly 
from the absolute observations. These are given in Table IV, p- 16. The first three 
columns give the mean values of D, H and I as obtained directly from the entries in 
Tables J, II and III, without making any allowance for the fluctuations in the hour of 
observation already alluded to. The few observations deemed faulty were of course 
omitted. The last three columns give the same results as modified by a correction 
intended to reduce them to the mean value for the day. This correction was not 
derived from measurement of the curves at the actual times of observation, but 
from the mean diurnal inequahty for all days of the month. It would be absolutely 
accurate only if the days of absolute observation were exactly average days. This is 
the less likely to be the case the fewer the days of observation during the month. 

The reason for confining the first set of mean values at the foot of Table IV to the 
20 months, March, 1911, to October, 1912, was that the results for November, 1912, 
were incomplete, so that its omission was desirable. This entailed the omission of 
February, 1911, if the mean epoch were to coincide with January 1, 1912, as was 
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o'bviousl7 expedient. The absolute observations in February, 1911, were few and to 
some extent preliminary, so that the omission of that month was hardly a loss. 

The main object of Table IV is to aid in the ehicidation of two questions, the 
existence of a decided annual inequality, and the nature of the secular change. These 
objects were both promoted by the grouping of the months adopted in the last five lines 
of the table. By midwinter is meant the four months May to August, and by midsummer 
the four months November and December, 1911, with January and February, 1912. 
Equinox includes the four months March, April, September and October. Further 
discussion of the results of Table IV may conveniently be deferred until we are in a 
position to deal with the corresponding results derived from the cixrve measurements. 



Table I. — A.bsolute ObserYations of Declination (D). 


Date. 

From. 

To. 

Meaii 

Time. 

Declina- 

tion 

(East of 
South). 

•Date. 

Erom. 

To. 

Mean 

Time. 

Declina- 

tion 

(East of 
South). 

1911. 


L. 

m. 

h. 

m. 

h. 

m. 

o 

/ 

1911. 

h. 

m. 

h. 

m. 

h. 

m. 

0 


February 17 ... 

16 

9 

16 

24 

16 

16 

25 

170 

December 2 

17 

45 

17 

55 

17 

50 

24 

56-8 

„ 23 ... 

16 

0 

16 

14 

16 

7 

24 

22-6 

» .9 

18 

25 

18 

35 

18 

so 

25 

26-8 











„ 18 

17 

58 

18 

8 

18 

3 

25 

55-6 

MarcL. 3 


16 

42 

16 

65 

16 

48 

25 

20*4 

„ 23 

18 

33 

18 

43 

18 

38 

25 

M 

« 9 


16 

19 

16 

35 

16 

27 

25 

24-2 

» 27 

17 

16 

17 

22 

17 

19 

26 

12 -S* 

20 


15 

67 

16 

11 

16 

4 

26 

14-9 

„ 29 

17 

53 

18 

3 

17 

58 

25 

32-1 

» 24 


16 

49 

16 

3 

15 

56 

26 

5-9 










31 


14 

25 

14 

42 

14 

33 

24 

47-0 

1912. 









Ipiil 11 










January 2 ... 

16 

44 

16 

54 

16 

49 

25 

59-1* 


13 

15 

13 

32 

13 

23 

24 

36 0 

„ 5 ... 

18 

6 

18 

15 

IB 

10 

25 

49-3 

„ 16 


14 

63 

15 

10 

15 

1 

25 

8-2 

„ 11 ... 

16 

24 

15 

34 

15 

29 

24 

20-2* 

„ 26 


18 

38 

18 

55 

18 

46 

25 

34-5 

„ 12 ... 

17 

63 

18 

3 

17 

58 

25 

8-8 











16 ... 

16 

48 

15 

58 

15 

.53 

25 

32-2* 

May 4 


19 

41 

19 

58 

19 

49 

26 

37-8 

„ 22 ... 

17 

32 

17 

42 

17 

37 

25 

11-0 

„ 11 


19 

30 

19 

47 

19 

38 

26 

38-4 

„ 23 ... 

16 

20 

16 

30 

16 

25 

25 

34-3* 

„ 20 


19 

31 

19 

48 

19 

39 

26 

41-4 

„ 23 ... 

17 

36 

17 

46 

17 

41 

24 

45-1* 

„ 26 


18 

46 

19 

.3 

18 

54 

25 

28-9 

„ 30 ... 

18 

10 

18 

20 

18 

15 

25 

28-9 

June 3 


18 

20 

18 

32 

18 

26 

25 

21-2 

Februarv 5 ... 

18 

0 

18 

10 

18 

5 

25 

20-3 



19 

38 

19 

52 

19 

45 

26 

11-1 

» 12... 

16 

29 

16 

41 

16 

35 

24 

52-7 

» 16 


18 

42 

18 

58 

18 

60 

25 

11-1 

24 ... 

17 

68 

18 

8 

18 

3 

26 

31-5 

21 


19 

17 

19 

31 

19 

24 

25 

10-3 










„ 29 


19 

1 

19 

13 

19 

7 

25 

33-5 

March 3 

17 

22 

17 

32 

17 

27 

25 

16-0 

July 6 










7 ... 

15 

47 

15 

57 

15 

52 

25 

29-4 


18 

43 

18 

53 

18 

48 

25 

9'4 

„ 18 ... 

16 

19 

16 

29 

16 

24 

25 

21-0 

» 17 


18 

57 

19 

7 

19 

2 

25 

9*9 

24 

16 

0 

16 

12 

16 

6 

25 

22-8 

„ 24 


18 

48 

18 

58 

18 

63 

25 

33-8 










» 27 


19 

7 

19 

17 

19 

12 

25 

6*0 

April 2 

16 

23 

16 

33 

16 

28 

26 

8-9 

August 6 


18 

35 

18 

45 

18 

40 

25 

17-0 

May 7 

17 

8 

17 

20 

17 

14 

25 

6-7 

,, 12 


19 

5 

19 

15 

19 

10 

25 

32-3 

„ 16 

16 

37 

16 

47 

16 

42 

25 

11-6 

„ 18 


18 

44 

18 

54 

18 

49 

25 

31*3 

» 21 

16 

57 

17 

7 

17 

2 

25 

9-3 

,, 28 


15 

17 

16 

27 

16 

22 

25 

13 -0 

,, 29 

16 

40 

16 

50 

16 

45 

26 

29-6 

September 

1 

16 

36 

16 

46 

16 

41 

25 

50-8 

June 6 

16 

45 

16 

55 

16 

50 

26 

2-1 

3 ) 

9 

17 

8 

17 

18 

17 

13 

26 

30-7 

„ 19 

17 

38 

17 

48 

17 

43 

25 

24-6 

Si 

16 

16 

30 

16 

44 

16 

37 

25 

45-1 

„ 28 

16 

66 

17 

6 

17 

1 

25 

42-3 

Si 

23 

16 

6 

16 

18 

16 

12 

26 

9-1 










October 4 










July 11 

13 

45 

13 

56 

13 

50 

24 

46-1 

... 

18 

24 

18 

34 

18 

29 

25 

21-4 

» 21 

16 

48 

16 

58 

16 

53 

26 

0-8 

>9 12 

... 

17 

51 

18 

1 

17 

56 

25 

16-7 










„ 20 ... 

18 

48 

18 

68 

18 

53 

25 

46-8 

Austtst 9 

17 

10 

17 

20 

17 

15 

24 

59-9 

99 28 ... 

18 

32 

18 

42 

18 

37 

25 

3-7 

„ 24 ... 

17 

2 

17 

12 

17 

7 

25 

28-8 

November 

3... 

18 

22 

18 

32 

18 

27 

25 

24-9 

September 7 

16 

31 

16 

44 

16 

37 

25 

4-9 

99 

11 ... 

18 

9 

18 

19 

18 

14 

26 

47-0 

24 

16 

3 

16 

15 

16 

9 

24 

28-7 

99 

18... 

18 

9 

18 

19 

18 

14 

26 

55-6 










9> 

24... 

18 

6 

18 

16 

18 

11 

26 

33-0 

October? 

16 

14 

16 

26 

16 

20 

25 

42-4 












18 

11 

18 

23 

18 

17 

25 

49-9 











Kovemher 9 ... 

18 

15 

18 

26 

18 

20 

26 

38-1 


* Obseryation taken on sea ice. 
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Table II. Absolute Observations of Horizontal Force (H). 


Date. 

First Vibration. 

Defloetiou. 

Second Vibration. 

K 

m. 

1911. 

February 17 

» 23 

h. m. 

. 17 3 

. 16 40 

toh. ni. 
17 16 
16 53 

h. m. 
18 15 
17 25 

toh. m. 
18 49 
18 10 

h. 111. toll, m. 

7 

4289 

4275 

■ 967’1 

901 -5 

March 3 

» 9 

» 20 

» 24 

„ 31 

17 2r) 
17 16 
16 44 
16 35 
16 22 

17 37 
17 30 
16 58 
16 48 
15 36 

18 30 
18 16 
17 17 
17 10 
16 57 

19 2 
18 48 
17 49 
17 44 
16 36 

18 0 
17 63 
16 47 

18 14 
18 7 
17 0 

4247 

4247 

4317 

4231 

4279 

957 'I 
962'6 
969-1 
960'5 
969 -6 

April 11 

» 16 !! 

„ 26 

14 6 
12 57 
16 29 

14 17 
13 9 

J6 42 

15 21 
13 36 
17 16 

16 0 
14 5 

17 df) 

16 13 
14 16 
18 6 

16 26 

14 29 

18 20 

4207 

42U 

424() 

958 -r 
950-1 

957 •(> 

May 4 

» 11 

M 20 

„ 26 

17 41 
17 27 
17 10 
16 45 

17 56 

17 39 

17 23 

16 57 

18 12 
18 2 
17 45 
17 23 

18 53 

18 43 

18 28 

18 6 

19 7 
18 57 
18 52 

18 14 

19 21 

19 10 

19 6 

18 27 

4214 

4197 

4196 

4207 

958 '5 

958 •« 

963 '4 

958 -7 

June 3 

„ 9 ;;; 

16 

» 21 

„ 29 

16 27 

17 42 

16 44 

17 13 

1 6 5(5 

16 39 

17 55 

16 57 

17 25 

17 9 

16 56 
18 31 

17 13 
37 48 
37 23 

17 33 

18 48 

17 48 

18 25 

18 0 

17 45 
19 0 

18 2 
18 40 
18 15 

17 58 

19 12 

18 15 

18 62 

18 28 

4239 

4226 

4227 
4238 
4238 

959 •« 

959 -7 

957 •() 

969 •« 
969-5 

July 6 

17 

» 24 

„ 27 

16 46 

1 6 56 
16 49 
16 5(5 

16 58 

17 8 

17 2 

17 10 

37 37 
37 25 
17 19 
17 32 

17 60 

18 0 

17 53 

18 7 

18 ,1 
18 12 

18 8 

18 20 

18 Il- 
ls 25 

18 21 

18 33 

42211 

4239 

4223 

4224 

968 -4 

965 -9 
967-9 

907 -7 

August 5 

V 12 ... 

„ 18 

28 

1 6 43 

17 4 
16 53 
16 9 

16 55 

17 16 

17 6 

16 21 

17 11 
17 34 
17 27 
16 57 

17 46 

18 11 

IB 1 

17 30 

1 7 58 

18 22 
18 11 
17 43 

18 11 

18 35 

18 21 

17 56 

4227 

4229 

4233 

4284 

967- 0 

968- 1 
967-3 
959-9 

September 1 ... 

,, 9 ... 

„ 16 

» 23 

14 51 

14 59 

M 29 
14 15 

15 4 

15 12 

M 43 

11 27 

15 16 

15 36 

16 1 

14 47 

16 50 

16 9 

15 43 

15 16 

16 0 
16 23 
15 57 
15 30 

16 12 

1.6 33 

16 32 

16 43 

4266 

4246 

4302 

4295 

954-9 

967-9 

960-8 

965-3 

October 4 ... 

.. 12 ... 

,, 20 

28 

16 29 
16 16 

17 11 

16 38 

1(> 41 

IS 29 

17 24 

IS 51 

17 0 

16 44 

17 40 

17 6 

17 34 

17 10 

38 12 

17 36 

17 46 

17 19 

18 20 
17 47 

1.7 58 

17 32 

18 34 

IS 0 

420] 

4226 

•1262 

4261 

964 -6 
967-9 
907-6 
967-3 

November 3 ... 

„ 11 ... 

,, 18 

24 

16 49 

16 34 

16 24 

16 30 

17 2 

16 46 

16 37 

16 43 

17 4 

16 51 

17 0 

37 46 

17 28 

17 19 

17 27 

16 54 

17 41 

17 28 
17 38 

18 7 

17 54 

17 40 

17 51 

4302 

42 69 
4266 
4283 

968-0 

965- 7 

966- 2 

967- 0 

December 2 ... 

„ 9 

18 

» 23 

27 

» 29 

16 13 

16 45 

16 17 

16 43 

16 27 

16 15 

16 26 

16 68 

16 30 

16 66 

16 41 

16 28 

16 34 

17 12 

16 45 

17 10 

17 6 

37 46 

17 10 

17 36 

17 9 

17 14 

17 55 

17 21 

18 2 

16 46 

17 18 

17 27 

18 8 

17 33 

38 16 

17 0 

37 31 

4272 

4269 

4280 

4311 

4116* 

4288 

968-6 

967- 9 

968- 6 
967-9 

966-5 


^ Obflf^rvfitioii on soa ice. 
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Table II. — Continued. 


Date. 

First Vibration. 

Deflection. 

Second Vibration, 


1912. 

.January 2 

.. 5 

„ 11 

h. m. to h. m. 

17 33 17 46 

16 30 16 43 

16 4 16 18 

h. m. to h. m. 

17 27 

h. m. to h. m. 

17 60 18 3 

17 37 17 60 

16 27 16 40 

y 

4081* 

4287 

4124* 

,, 12 

» 16 

16 17 
16 33 

16 30 

16 46 

16 42 17 12 

17 20 
16 48 

17 33 

17 1 

4355 

4104* 

j> 22 

23 

16 62 
16 59 

16 4 

17 12 

16 15 16 45 

16 58 

17 16 

17 11 

17 28 

4326 

4136* 

3i 30 

16 30 

16 42 

16 57 

17 27 

17 38 

17 60 

4306 

February 5 

16 18 

16 30 

16 46 

17 16 

17 24 

17 36 

4281 

)) 12 

„ 24 

14 0 
16 20 

14 13 

16 32 

14 40 15 16 

16 44 

15 50 
17 23 

16 7 

17 36 

4261 

4309 

March 3 

16 7 

16 22 

15 60 

16 21 

16 45 

17 0 

4159 ? 

j.- 7 

13 10 

13 23 

14 25 

14 64 

16 16 

15 30 

4308 

» 18 

14 6 

14 19 

14 62 

15 22 

16 41 

15 55 

4242 

„ 24... 

14 6 

14 19 

14 39 

16 8 

15 30 

15 44 

4260 

April 2 

14 17 

14 29 

14 51 

15 21 

16 42 

16 55 

4247 

May 7 

14 49 

16 2 

15 34 

16 7 

16 29 

16 42 

4239 

» 18 

14 31 

14 44 

15 11 

15 41 

16 2 

16 15 

4260 

» 21 

„ 29 

14 27 
14 20 

14 39 

14 34 

15 4 15 36 

14 58 

16 19 
15 66 

16 32 

16 9 

4269 

4257 

June 6 

„ 19 

ft O 

14 25 

14 .38 

16 0 

16 29 

16 6 

16 19 

4257 

15 4 

16 19 

15 55 

16 26 

17 3 

17 17 

4243 

9) 28 

14 33 

14 49 

15 17 

16 47 

16 24 

16 38 

4260 

July 11 

„ 21 

12 4 

12 17 

12 38 

13 14 

14 49 

15 2 

4361 ? 

14 33 

14 47 

15 17 

15 43 

16 13 

16 26 

4258 

August 9 
„ 2i ... 

14 27 

14 .39 

15 23 

15 57 

16 36 

16 48 

4274 

14 41 

14 54 

15 28 

15 53 

16 33 

16 47 

4277 

September 7 ... 

„ 24 

13 57 

14 7 

14 10 

14 20 

14 28 • 14 59 

15 6 

15 44 

16 36 

15 57 

15 48 

4268 

4395? 

October 7 

14 8 

14 21 

14 45 

15 9 

15 45 

15 58 

4286 

Noyember 2 

15 0 

15 14 

16 0 

16 46 

16 54 

17 9 

4329 


m. 


952-6 


958-3 

956-6 

954-9 


968-4 

958-3 

954-6 

983- 

951- 

968- 

967- 


957-2 


965-6 

969-2 

957-8 

956-3 


958-3 

956-1 

955-5 


933-9 

956-0 


956-1 

956-8 

956- 7 
963-3 

957- 3 


953-3 


? 


« 


■'* Observation on sea ice. 
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Table III. — A.bsolute Observations of Inclination (I). 


Needle 

No. 


Inclination 
from Single 
Nccfllefl. 


Mean 
from Two 
Needles. 


1911 . 

Felmxarv ' 17 ... 

„ “ ir ... 

)t 23 ... 

„ 23 ... 


h. 

ITl. 

to h. 

in. 

Ii. 

ni. 

14 

45 

15 

14 

15 

0 

15 

19 

16 

46 

16 

32 

14 

19 

16 

27 

14 

53 

14 

39 

15 

10 

14 

56 


81 ) 30-15 
86 29-28 
86 21-68 
86 12 - 81 ? 


^SC 2 !) 43 


March 3 


14 58 

15 12 

15 4 

14 46 
14 30 
14 49 
14 43 
14 26 
13 13 
13 2 


16 68 
16 44 
16 39 
16 54 
15 3 Q 
15 20 

15 11 . 

16 25 

13 61 

14 5 


15 28 
15 28 
15 22 
15 20 
15 6 

15 7 

14 57 
14 56 
13 32 
13 34 


86 2 9-44 
86 2 6-65 
86 2 6-66 
86 27-40 
86 23-75 
86 23-66 
86 21 -65 
86 21-68 
86 26-66 
86 27-40 


^86 28 


^86 26 


^86 23 42 


|86 21 

1.86 27 


-A.])ril 11 
11 
» 15 
„ 15 
„ 26 
„ 26 


12 15 
12 0 
1 1 57 
11 46 
15 26 
15 8 


12 44 
12 55 
12 23 
12 34 
16 48 
16 59 


12 30 
12 28 
12 10 
12 10 
16 37 
15 33 


86 25-22 
86 27-65 
86 28-66 
86 2 8-32 
86 26-25 
86 28-09 


^86 26 23 
^86 28 20 


^86 27 10 


May 4 
» 4 

,, H 
„ 11 
„ 20 
„ 20 
.. 26 
.. 26 


16 26 
16 7 

16 6 
15 50 
15 158 
15 ,38 


16 69 

17 15 
16 38 
16 64 
16 25 
16 38 


16 43 
16 41 
16 22 
16 22 
16 12 
16 8 


15 26 16 18 15 .52 


^86 26 47 


i .86 27 3 !) 


^86 27 0 


^86 28 r> 


June 3 

„ .3 

9 

„ 9 

16 
16 
21 

„ 21 
„ 29 
» 29 


15 14 

16 2 
16 28 
16 20 
15 31 

15 20 

16 56 
15 41 

15 46 

16 37 


15 40 

16 68 

16 63 

17 1 

16 68 
16 9 

16 25 
16 37 
16 10 
16 22 


15 30 

16 30 
16 40 
16 40 

15 46 

16 45 

16 10 
16 9 

15 68 

16 0 


S-R 6 26 11 


^86 26 43 
>86 27 4 


^86 27 1 


«6 26 11 
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Table III. — Continued. 


July 6 
.. « 
» 17 
,, 17 
,, 24 
» 24 
„ 27 
27 


Date. 


KTeedle 

No. 


1911. 


8 

5 
8 

6 
8 
5 
8 
5 


h, 

16 

15 

15 

15 

16 
16 
15 
15 


Time. 


m. to ll. 
32 16 

21 16 

46 16 

36 16 

36 16 

26 16 

41 

28 16 


August 


9i 

9) 

9i 


5 

5 

12 

12 

18 

18 


15 

39 

16 

15 

27 

16 

15 

58 

16 

15 

48 

16 

15 

49 

16 

15 

39 

16 


Mean. 

Time. 


Inclination 
from Single 
Needles. 


Mean 
from Two 
Needles. 


m. 

0 

12 

15 

25 

2 

12 

18 

4 

12 

20 

31 

12 

21 


h. m. 

15 46 

15 46 

16 0 
16 0 
15 49 
15 49 

15 53 

15 52 

15 50 

16 9 

16 9 

16 0 
16 0 


o 


tf 


86 27-27 
86 27-15 
86 26-78 
86 26-84 
86 29-00 
86 29-40 
86 27-66 
86 26-44 

86 26-37 
86 26-75 
86 26-78 
86 26-59 
86 26-22 
86 26-66 


86 

27 

13 

86 

26 

49 

86 

29 

12 

86 

27 

3 

86 

26 

34 

86 

26 

41 

86 

26 

26 


September 1 ... 
» 1 ... 

» 9... 

» 9... 

„ 16... 

„ 16... 

„ 23... 

„ 23... 


October 4 ... 

„ 4 ... 

„ 12 ... 

„ 12 ... 

20 ... 
20 ... 
28 ... 
28 ... 


November 3 
» 3 

„ 11 

» 11 

18 

» 18 

» 24 


24 


December 

99 

99 

99 


2 ... 
2 ... 
9 ... 
9 ... 


8 

13 

39 

14 

3 

5 

13 

27 

14 

18 

8 

13 

40 

14 

9 

5 

13 

30 

14 

39 

8 

13 

0 

13 

48 

5 

13 

12 

13 

35 

8 

12 

63 

13 

16 

5 

12 

38 

13 

26 

8 

15 

9 

15 

37 

5 

14 

57 

15 

49 

8 

14 

54 

15 

22 

5 

14 

43 

15 

35 

8 

15 

59 

J6 

25 

5 

15 

46 

16 

36 

8 

15 

25 

15 

56 

5 

15 

14 

]6 

7 

8 

15 

38 

16 

4 

5 

15 

26 

16 

15 

8 

15 

19 

15 

48 

5 

15 

8 

15 

59 

8 

14 

63 

15 

47 

5 

15 

6 

15 

35 

8? 

15 

21 

15 

47 

5 ? 

15 

10 

15 

57 

8 

14 

54 

15 

20 

5 

14 

40 

15 

33 

8 

15 

29 

15 

56 

5 

16 

17 

16 

9 


13 

51 

13 

53 

13 

55 

13 

55 

13 

24 

13 

24 

13 

4 

13 

2 


15 

23 

15 

23 

15 

8 

15 

9 

16 

12 

16 

11 

15 

40 

15 

40 


15 

51 

15 

51 

15 

34 

15 

34 

15 

20 

15 

20 

15 

34 

15 

34 


15 

7 

15 

7 

15 

43 

15 

43 


86 

26 

■50 

86 

27 

■72 

86 

25 

■78 

86 

26 

•53 

86 

25 

•78 

86 

25 

•32 

86 

24 

■87 

86 

26 

37 

86 

25 

16 

86 

25 

94 

86 

25 

54 

86 

26 

69 

86 

24- 

72 

86 

25 

90 

86 

24- 

44 

‘86 

24- 

50 

86 

19- 

28 

86 

20- 

28 

86 

25- 

04 

86 

24- 

94 

86 

26- 

18 

86 

25* 

72 

86 

21* 

94 

86 

23- 

03 

86 

24- 

12 

86 

24- 

19 

86 

24- 

81 

86 

24- 

97 


-86 

27 

7 

■86 

26 

9 

•86 

25 

33 

•86 

25 

37 

-86 

25 

33 

■86 

26 

7 

■86 

25 

19 

■86 

24 

28 

■86 

19 

47 

■86 

24 

59 

■86 

26 

57 

■86 

22 

29 

■86 

24 

9 

■86 

24 

53 
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Table III. — Continued. 


Mean IncUnation 


Moan 
from Two 
Neecllos. 


1911 

December 18 ... 

„ 18 ... 

„ 23 ... 

„ 23 ... 

27 ... 

» 27 ... 

„ 29 ... 

„ 29 ... 


January 2 
» 2 


14 53 
16 12 
16 1 
14 55 

14 38 

15 12 

15 0 


15 44 
15 .32 

15 19 
14 65 
14 23 
14 12 

16 6 
14 56 
14 51 
14 38 
14 44 

14 32 

15 24 
15 12 
15 25 
15 16 


h. 

in. 

h. 

in. 

35 

33 

15 

18 

15 

45 

15 

19 

15 

39 

15 

26 

16 

51 

15 

26 

16 

25 

15 

10 

15 

37 

15 

8 

15 

34 

15 

23 

15 

44 

15 

22 

16 

9 

15 

57 

36 

19 

15 

55 

16 

44 

15 

32 

15 

56 

15 

26 

14 

47 

14 

35 

14 

58 

14 

35 

15 

30 

15 

18 

15 

40 

15 

18 

15 

15 

15 

3 

15 

27 

15 

3 

16 

8 

14 

56 

15 

18 

14 

55 

15 

48 

15 

31) 

16 

1 

15 

3() 

15 

48 

15 

36 

15 

56 

15 

36 


86 21*72 
86 23*63 
86 24*06 
86 24*38 
86 30-18 
86 29*84 
86 25*18 
86 26*25 


86 36*81 
86 35*62 
86 22*64 
86 22*15 
86 34*10 
86 34*35 
86 21*06 
86 21*75 
86 33*60 
86 32*75 
86 23*03 
86 23 *.56 
86 32*32 
86 33*50 
80 23*62 
86 23*38 


>86 22 37 


*86 24 13 


•86 30 1* 


>86 25 43 


'86 

36 

43* 

'86 

22 

20 

■86 

34 

13* 

86 

21 

24 

86 

33 

10* 

80 

23 

18 

86 

32 

55* 

■86 

23 

30 


February 5 
„ 5 

„ 12 

,, 12 

24 

„ 24 


15 15 
15 5 

12 15 

15 9 

15 0 


15 49 

12 57 

13 9 
15 35 
15 45 


15 27 


12 42 
15 22 
15 22 


86 24*28 
86 24*34 
86 26*60 
86 26*50 
86 23*75 
86 24*16 


>86 21 19 


>86 26 33 


>86 23 57 


March 3 
„ 3 

7 
7 


13 28 
13 15 

11 54 

12 0 
12 33 
12 46 
12 22 
12 38 
12 17 
12 28 


14 0 

14 15 

12 35 
12 26 

13 21 

13 8 

13 7 

12 58 

13 4 
12 54 


13 44 
13 45 
12 15 
12 13 

12 .57 
12 .57 
12 44 
12 48 
12 41 
12 41 


86 21*88 
86 26*75 
86 26*19 
86 26*37 
86 24*81 
86 26 *.34 
86 26 -.56 
86 26*46 
80 24*97 
86 25*75 


>86 26 17 


>86 25 35 
>86 26 31 


>86 25 22 


April 2 
2 


12 40 13 10 12 58 80 24*68 

12 31 13 18 12 54 86 24*69 


24 41 


* Observatiou on sea ice 
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T^ble hi. — Continued. 


Inclination 
from Single 
Needles. 


Mean 
from Two 
Needles. 


May 7 
» 7 

» 16 
„ 16 
„ 21 
» 21 
„ 29 
» 29 


June 6 
» 6 
„ 19 
„ 19 
„ 28 
» 28 


July 11 
» 11 
„ 21 
21 


August 9 
9 
24 

„ 24 


September 7., 
7., 


October 7 
=. 7 

„ 31 

„ 31 


November 2 
» 2 

» 9 

9 



h. 

tn. 

to ll. 

m. 

8 

13 

28 

13 

49 

2 

13 

12 

13 

59 

8 

12 

51 

13 

19 

2 

12 

35 

13 

29 

8 

12 

35 

13 

21 

2 

12 

47 

13 

13 

8 

12 

4:6 

13 

7 

2 

12 

35 

13 

16 

8 

12 

50 

13 

30 

2 

1 13 

0 

13 

20 

8 

13 

25 

14 

7 

2 

13 

35 

13 

57 

8 

12 

58 

13 

21 

2 

12 

34 

13 

29 

1 

16 

30 

16 

55 

2 

36 

19 

17 

5 

1 

12 

54 

13 

35 

2 

13 

4 

13 

27 

1 

12 

36 

13 

21 

2 



13 

13 

]. 

12 

46 

13 

10 

2 

12 

30 

13 

19 

1 

12 

20 

12 

39 

2 

12 

8 

12 

48 

1 

12 

4 

12 

40 

2 

12 

13 

12 

31 

1 

12 

12 

12 

32 

2 

12 

1 

12 

40 

1 

14 

35 

15 

15 

2 

15 

20 

15 

50 

1 

12 

15 

12 

45 

2 

12 

49 

13 

11 

1 

11 

6 

11 

33 

2 

11 

36 

11 

58 


li. m. 
13 . 39 
13 35 
13 5 

13 2 

12 58 

13 0 
12 56 
12 56 


13 10 
13 10 
13 46 
13 46 
13 9 

13 1 


16 42 
16 42 
13 15 
13 15 


12 58 

12 58 
12 54 


12 30 
12 28 
12 22 
12 22 


12 22 
12 20 

14 56 

15 35 


12 30 

13 0 
11 20 
11 47 


86 25-24 
86 26-84 
86 24-81 
86 26-90 
86 24-44 
86 26-82 
86 24-38 
86 26-18 


86 25-90 
86 26-25 
86 24-09 ? 
86 25-69 
86 24-41 ? 
86 26-21 


86 25-62 
86 25-22 
86 25-88 
86 26-38 


86 25-47 
86 25-88 
86 24-03 
86 21-53 1 


86 25-25 
86 24-28 
86 22-78 
86 22-40 


86 23-69 
86 23-00 
86 22-59 
86 23-82 


86 26-00 
86 23-03 
86 26-68 
86 25-16 


o 

r 

// 

.86 

25 

32 

.86 

25 

51 

.86 

25 

8 

86 

25 

17 


lj.86 26 5 


.86 25 25 
.86 26 8 


^86 25 40 


>86 24 46 
>86 22 35 


>86 23 21 
.86 23 13 


86 24 31 
86 25 55 
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Table IV. — Mean Monthly Values from Absolute Otservations. 


Month or Season. 


Absolute Observations Uncorrected. 

Absolute Obsorvatioixa Correctod. 


D. 

11. 


I. 


D. 

H. 


r. 

1911. 


0 

t 

y 

0 

/ 

0 

t 

y 

0 

/ 

February 


24 

49-8 

4282 

86 

25-7 

24 

52-3 

4221 

86 

29-2 

March 


25 

10-5 

4262 

86 

25-5 

26 

16-3 

4210 

86 

27-6 

April 


25 

6-2 

4222 

86 

27-3 

25 

16-2 

4190 

86 

27-9 

May 


25 

36-6 

4203 

86 

27-4 

25 

13-4 

4177 

86 

28-5 

June 


26 

17-4 

4233 

86 

26-4 

24 

56-6 

4213 

86 

27-4 

July 


26 

14-8 

4228 

86 

27-6 

24 

53-1 

4202 

86 

28-9 

August 

. .. 

26 

23-4 

4213 

86 

26 -6 

25 

7-9 

4221 

86 

27-6 

September 


25 

33-9 

4277 

86 

26-1 

25 

24-7 

4253 

86 

26-7 

October 

• • • 

25 

21-9 

4253 

86 

25-4 

24 

55-3 

4216 

86 

27-0 

November 


25 

40-1 

4280 

86 

23-3 

25 

8-8 

4234 

86 

25-7 

December 

... 

25 

22*5 

4284 

86 

24-3 

25 

6-8 

4241 

86 

26-0 

1912. 












January 


25 

24-5 

4318 

86 

22-6 

26 

6-1 

4270 

86 

24-7 

February 


25 

34-8 

4284 

86 

24-9 

26 

25-4 

4242 

86 

26-5 

March 


26 

22-3 

4270 

86 

25-4 

25 

17-3 

4251 

86 

25-8 

April 


25 

8-9 

4247 

86 

24-7 

26 

5 -6 

4229 

86 

25-1 

May 


25 

14-0 

4256 

86 

25-5 

26 

G'6 

4244 

86 

25-7 

Juno 


25 

23-0 

4263 

86 

26-0 

26 

]8-() 

4244 

86 

26-2 

July 


24 

53-0 

4258 

86 

25-8 

24 

66-8 

4246 

86 

26-2 

August 


25 

14-4 

4276 

86 

24-8 

25 

5-8 

4266 

86 

25-0 

September 


24 

46-8 

4268 

86 

23-7 

24 

43-1 

4249 

86 

24-0 

October 

. . • 

25 

42-4 

4.286 

86 

23-3 

25 

32-5 

4259 

86 

24-7 

November 


25 

38-1 


86 

25 '2 

25 

16-9 


86 

26 -D 

Meau, March, lOll-Qctohcr, 
1912 

26 

19'(j 

4260 

86 

25-3 

26 

8-8 

4232 

m 

26 -4 

Midwinter, 1911 


25 

23-0 

4227 

86 

27-0 

25 

2-5 

4203 

m 

28-1 

„ 1912 ... 


26 

11 -1 

4260 

86 

25-5 

25 

6-9 

4247 

m 

25-8 

Equinox, 1911 


25 

18 •! 

4253 

86 

26-1 

25 

131 

4217 

8(> 

27-3 

„ 1912 


25 

15-1 

4268 

86 

24-3 

25 

9'6 

4247 

m 

24-9 

Midsummer, 1911-12 


25 

30 '6 

4291 

86 

23-8 

25 

11-8 

4247 

m 

25-7 
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CHAPTER II. 


MEASUREMENT OF CURVES. TIME USED. STANDARDISATION OF 
CURVES. SCALE VALUES AND BASE VALUES. 

Section 5. — The number of methods proposed for measuring curves is large, and 
more than one is in frequent use. The most obvious and probably on the whole the most 
usual plan is simply to measure the ordinate of the unsmoothed curve at exact hours — 
which may be G.M.T., or time differing by exact hours from G.M.T., or mean local time, 
or the time of some meridian unrelated to Greenwich — and to ascribe the measured value 
to the hour in question. If we are dealing with an element but little liable to sudden 
changes or rapid oscillations, or if we are measuring the curves of a long period of years 
and have in view only the nature of the regular diurnal variation, this method is probably 
at once the simplest and the best. But if we are dealing with a highly variable element 
and want to treat of individual days or of the diurnal inequalities of individual months, 
this method leaves a great deal to chance. To meet this, the most obvious course is to 
estimate in some way the mean value of the ordinate for the 60 minutes centering at 
an hour. The measurement of the area bounded by the curve, the base line and the 
ordinates at the beginning and end of the 60 minutes is theoretically the most exact way 
of getting the mean ordinate. But in practice it presents difficulties when the curve shows 
rapid oscillations, and other methods have been generally adopted. Special scales have 
been made, or the curve has been smoothed by drawing a free-hand pencil trace giving 
its general trend. The last-mentioned method is normally the quickest, and in a skilful 
hand may give excellent results. But it requires much judgment, and when the curve 
not merely oscillates, but departs widely fronr the shape normally charactciistic of the 
hour, the results tend to become arbitrary. The method actually adopted in the present 
case was that used in dealing with the curves of the 1901-04 Antarctic Expedition. A 
glass scale was constructed having parallel lines at a distance apart equivalent to 20 
minutes on the time scale of the magnetograms, and the ordinates of the unsmoothed 
curve were read at each 20-minute interval to the nearest 0 ■ 5 mm. The value ascribe d 
to the hour was the arithmetic mean of the three measurements taken at the exact hour 
and at 20 minutes before and after the hour. 

Dr. Simpson had decided to use not local time but the time of the 180th meridian, 
64*4 minutes in advance of local time. This was certainly convenient in connection 
with the term hours, which had been arranged for the taking of quick runs in connection 
with co-operating observatories ; 8 p.m. G.M.T., for example, becoming 8 a.m. of the 
nominal day at the Antarctic station. But a departure of 54| minutes from local time 
has obvious disadvantages, and I felt some doubt whether it might not be better to 
employ the time of 165° E, subtracting an hour from Dr. Simpson’s times and thus 
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getting within some 5| minutes of local time. Eventually, however, I decided to follow 
Dr. Simpson. Thus the hours appearing in the tables of hourly values, pp. 450 to 515, 
refer to the meridian 180° E. Hours 0 and 24 really answer to a time 54-4 minutes in 
advance of local midnight, and hour 12 to a time 64-4 minutes in advance of local noon, 
&c. As already mentioned, Dr. Simpson had introduced a method of producing a dark 
line right across the trace at each hour, and this was as a rule accepted as representing 
the exact hour. There were usually small corrections wanted to the time as shown, 
but making allowance for small and irregular time corrections, especially when the 
variation throughout the 24 hours is a sensible fraction of the whole correction, involves 
an amount of trouble disproportionate to the advantage reaped in the case of diurnal 
inequalities. When it comes to minutely comparing disturbances at different stations 
it is a different matter, and even small corrections when accurately known may become 
important. 

Section 6. — Another question difficult to decide was how to present the results of 
the curve measurements. As already explained, the two magnetographs intended to 
give the variations in the N-S and E-W components were really oriented so as to give 
the variations of components along the two azimuths 7° 36' East of North (or West of 
South), and 7° 36' South of East (or North of West). If we call the components to 
nominal South and East as derived directly from the curve measurements S' and E', 
while S an<l E are the components to true South and East, we have 

S 0-991 S' 4- 0-132 E'l 

E = 0-991 E' - 0-132 S' J 

'Thus it would have been possible to deduce hourly values of S and E from the 
measured values of S' and E', and to have given these in the tables of results in the present 
volume. In not adopting this course I may not have the approval of all physicists. 
The principal reasons for showing the hourly values of S' and E', rather than those of 
S and E, were: 1. Anyone anxious to get the values of S and E at any particular hour 
can readily derive them by means of equations (1) ; 2. Force magnetographs --especially 
those like the Eschenhagen of light construction — are subject to change of scale values, 
and the scale value is sometimes not as uniform across the full width of the sheet as is 
desirable, 'hhe Antarctic instrument recording E', acicording to the scale value deter- 
minations, retained from start to finish a scale value which was practically constant. 
But the other, recording S', in the earlier part of its career showed a considerable change, 
and the scale value determinations did not show the development of the change as 
clearly as might be desired. Error in the accepted scale value of the S' instrument 
does not affect the type but only the amplitude of the dmrnal variation in S', as it 
leaves the relative values of the hourly measurements unaltered ; but it obviously will 
affect relatively as well as absolutely the hourly values calculated for S and E; 
3. Even supposing absolutely accurate knowledge of the scale values of both instruments, 
it would have been an extremely arduous, hardly, in fact, a possible operation to 
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determiae the daily maximum and minimum values of S and E and the times of their 
occurrence. 

The absolute range of an element, as derived from the two extreme values of the 
day, may not be an exact measure of any definite physical q^uantity, but it undoubtedly 
serves in the great majority of oases to give a good general idea of the character of the 
day as quiet or disturbed. Theoretically a small range might go with a great amount 
of disturbance, the disturbing forces tending to reduce the natural niaximuin and exalt 
the natural Tuinimimi , or else merely producing numerous oscillations of small ampli- 
tude. This is, however, rarely if ever the actual case. We practically never get an 
exceptionally small range on a day that is disturbed, or an exceptionally large range on 
a wholly quiet day. Occasionally, it is true, we get a large range on a day the greater 
part of which is quiet, the disturbance being confined to a few hours. If the days of a 
month were classified solely by regard to the ranges of the elements, the days might not 
come exactly in the order they would occupy if an exact nunieric.al measure of <lis 
turhance were possible ; hut at all events the days near the top of tlie list would one 
and all be much more disturbed than the average day, and the (“onverse would be true 
of the days near the foot of the list. Again the relative size of the meaj) absolute daily 
range for a month and the range of the corresponding diurnal inequality affords a very 
good idea of the greater or less prevalence of irregular disturbing forcies. Influenced 
by these considerations, it was decided that the fundamental tables should give 
the hourly values and daily maximum and minimum values of 8' and K', tliat the 
diurnal inequalities of S' and E' should be got out in the first place, and t liat the 
diurual inequalities of S and E should be derived from these equally with the diurnal 
nequalities of D (dechnation) and H (horizontal force). 


Section 7. — A common source of trouble in force magnetograplis is the nec'cssify 
for a temperature correction. This was a grave difficulty in the case of the vertical 
force magnetograph in 1901-04. Temperature in the Antarctic has large and rapid 
fluctuations, and when a magnetograph with a large temperature coefficient is exposed 
to such changes not merely are the temperature corrections large, hut they are ajot to 
be uncertain, because we are obliged to assume that the temperature recorded by the 
thermograph is that of the magnet and of whatever else contributes to the temperature 
coefiS-cient. In 1911-12, though the instruments were the same, the difficulty practically 
did not exist. The position of the magnetograph was such that in spite of the rapid 
external changes of temperature the thermograph trace seldom departed sensibly from 
a straight line. The only occasions when the trace was sensibly curved were when ice 
ad to he removed from some part of the instrument by applying heat, or when other 
specia wor called for the continued proximity of the observers. On these occasions 
here was always some unavoidable loss of trace, and it thus seemed the best course to 
isregard the record for a short additional time until the disturbing effect on the tempera- 
ture had ceased to he of importance. The temperature in the cavern had a considerable 

nf f PTtt slow changes, however, hardly call for any direct application 

of temperature corrections, as they are provided for by the changes in the base line values 
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derived from the absolute observations. Accordingly no temperature corrections have 
been applied. This may introduce some slight additional uncertainty into questions 
such as the relation between the mean values of the elements on different days of the 
same month. But under the disturbed conditions natural to the Antarctic it would, I 
suspect, require a much larger number of absolute observations than were actually taken 
— considerable though the number was — and a much more elaborate system of curve 
measurements than that adopted, to enable mean daily values of the elements to 
be determined with the accuracy now aimed at in the best European and American 
observatories. 

Though the external changes of temperature in the Antarctic are exceptionally large 
and sudden, the range of the regular diurnal variation of temperature is exceptionally 
small throughoixt the year. In the cavern a priori reasons alone, quite apart from the 
positive evidence of the thermograph, would have justified the conclusion that any 
regular diurnal variation of temperature must have been very small indeed. Thus 
we have every reason to believe that none of the diurnal inequalities obtained for the 
magnetic elements have suffered sensibly from the non-application of temperature 
corrections. 

Section 8. — The method of determining the scale values will best be understood by 
reference to Fig. 2, which shows diagrammatically the relative positions of the drum and 
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Eio. 2. — Scale Value Determinations. 


lamp and the several magnets. The recording part, including the drum and lamp, was 
on the same level as the three magnetographs. Nearest the drum came N,- S„', the magnet 
intended to register the variations of the North-South component of force ; this magnet 
should have been oriented true East and West. Next came the magnet N*- S*- intended 
to register the variations of the West-East component ; it should have been oriented 
true North and South. Furthest away came the vertical force magnet N* S«. The 
centres of these magnets may be regarded as approximately in a straight line, intended 
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to be orieated East and West and perpendicular to the axis of the drum. Owing to 
the mistake already mentioned, all the horizontal directions were really T 36' in error. 
The deflections were all made with the collimator magnet 25 a. The box containing 
the magnet was placed on each occasion in a definitely fixed position, the inversion 
of the magnet being effected by turning the box end for end. When deflecting N,- S,< 
the collimator magnet occupied the position N S (broadside position) shown in the 
diagram, its axis being level with that of the deflected magnet. In this position turning 
the magnet box end for end altered the field surrounding N,-Ss- by 2mjr\ where m 
is the moment at the time of N S, and r the distance (100*5 cms.) between the centres 
of the magnets. When deflecting N<,-Se' the collimator magnet box was supported 
on a shelf attached to the table supporting the magnetographs, so situated that the 
centres of the deflecting and deflected magnets were in the same vertical line, the 
former being underneath the table. The deflecting magnet in this case was oriented 
East-West (nominal), i.e., perpendicular to the' deflected magnet. Turning the box 
end for end altered the field again by r being, however, in tliis case only 65 • 7 cms. 
When deflecting N,,S„ the collimator magnet was supported on a second shelf at a 
lower level than the first. In this case the deflecting magnet was vertical, its centre 
being again in the same vertical as the centre of the deflected magnet and below it. 
The position being the end-on position, turning the box round altered the field by 4m 
the distance r between the centres of the magnets being in this case 86 -2 cius. The 
three distances were carefully measured after the shelves had been fixed. Owing to 
the greater proximity of the deflecting magnet the deflection on the trace was greatest 
for the instrument recording E'. The change of force due to rotation of the deflecting 
magnet through 180° was in this case about CSOy, the corresponding change of ordinate 
being some 10^ cms. In the case of the instrument recording V the greater distance 
of the deflecting magnet was partly compensated by its being in the end-on instead 
of the broadside position ; the change of force was about eOGy and the change of ordinate 
about 8 cms. In the case of the instrument recording S' not merely was the distance 
considerably the greatest, but the position was the broadside one. Thus the change 
of force produced was only about 190)^, and the change of ordinate varied according 
to the sensitiveness from 2*1 to 2-8 cms. Consequently, supposing the deflection 
measured with equal accuracy in the three cases, the probable error in the scale value 
deduced was even under the quietest conditions much greater for the S' than the E' 
instrument. Supposing natural disturbance in progress at the time, as was usually 
the case, a disturbance of given size would naturally cause about four times as large 
an error in the estimated scale value of the S' instrument as in that of the E' instrument. 
The results of the several scale value determinations are given in Table V. 

Before discussing Table Y some of the assumptions made call for comment. Taking 
for example the V magnetograph, it was assumed that the change of field at the position 
of the magnetograph magnet produced by turning the collimator magnet end for end 
was 4m /r^, r being the distance between the centres of the magnets, and m the moment 
of the oolUmator magnet as deduced from the absolute observations, after making 
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Table V . — Scale Valties (equivalents in force of 1 mm. ordinate). 


19H. 

V/. 

S'. 

V, 

1912. 

E'. 

S'. 

V. 


y 

y 

y 


y 

y 

y 

March 2 

0-.73 

8*83 

7-54 

January 1 

6-48 

0-i>7 

7-66 

April 1 

G-49 

«-75 

7-50 

February 4- 

6-43 

6 -Of) 

7-76 

July 7 

() *44 

8-]0 

7-51 

„ 22 

6-46 

C)-B7 

7-89 

August 7 

(rtl 

0-75 

7-76 

March 9 

fv49 

(>•87 

B-0(> 

„ 21 

6-45 

(>•65 

7-59 

„ 26 

6-47 

6-96 

7-73 

September 12 

6-4.3 

6-66 

"I ‘Id 

„ 29 

— 

6 •76 

— 

October 5 

6-43 

6-86 

7-62 

May 1 

6*47 

6-93 


„ 30 

C-47 

6-86 

7-59 

„ 31 

f3*40 

6-91 

8-23 





June 7 

— 

6-86 

— 





„ 26 

6*40 

6-85 

7-87 





July 3 

— 

6-86 






August 2 

(>•42 

6-8.6 

7-81 





Se])tembcr K) 

6-4G 

6-89 

7-78 





October 11 

6-47 

6-76 

8-03 





„ 13 


6-82 



allowance for any difference of temperature. During tlie time spent at Cape Evans 
the magnetic moment of tlie collimator magnet fell off only about 1 per cent. Thus 
.miy error arising in connection with the value of m must have been extremely small. 
A second possible source of error arises in connection with, tlie sufficiency of the formula 
assumed for the interaction of the two magnets. The complete expression for the 
magnetic force at the “ poles ” of the deflected magnet is (I -1* -h Q't“‘ ) 

where P and Q are the so-called distribution constants. I’lic deflections of any one 
magnetograph magnet were all made at only one distance, so there was no direct evidence 
of the negligibility of the P and (J terms. Considering, however, that the distance 
r was in no case less than (J5 cms., tlic error due to the neglect of the higher terms seems 
unlikely to have been as large as 1 per cent., and probably was a good deal less. 

'file. apparent variations shown by Table V in the scale value of E' are quite remark- 
ably small, considering Antarctic conditions, and afford no evidence whatever of any 
real change. Accordingly, the mean value 1 mm. — 0-4()y was accepteil as applicable 
to tlie whole period. Between April 1 and August 7, 1911, it seems clear that the scale 
value of the B' curve diniiiiished, but there is no distinct evidence of any change after 
the latter date. Accordingly a mean value 1 mm. = 6-82y was accepted as applicahle 
from August, 1911, to the end. The question as to exactly liow and when the change 
of scale value in S' came in presents difficulties. The fact that au apparent change 
had occurred was noticed by Dr. Simpson after the observation on August 7, and the 
repetition on August 21 of the deflection experiment was partly intended to make sure 
that no mistake had been made. He was then certain that a change had occurred, 
but was unable to reach any satisfactory explanation of its occurrence. After the 
event it is of course easy to see that more frequent scale value determinations would 
have been advisable in the early months. The only thing that could be done was to 
examine minutely the curves and the base value determinations. The apparent difference 
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between the results on March 2 and April 1 may well be fortuitous. Thus there is no 
certain evidence of a change prior to April 1, hut some time between April 1 and July 7 
it seems pretty clear that a measmable change must have come in. Examination of 
the curve and base values suggested that the change most probably took place on June 5 
between 14 h. and 15 h,, as there then occurred a large change of ordinate almost 
certainly of instrumental origin. Accordingly the scale value of 1mm. 8*8y was 
applied from February to 14 h. on June 5, and a scale value of 1 nim. = 8 • ly was accepted 
as applicable from 15 h. on June 5 to some date subsequent to July 7. Dxiring July 
there were several small discontinuities, and apparently at times the magnet was 
not moving freely. The magnet, a small flat piece of steel, moved in a very confined 
space between copper dampers. The damping is very good, but a slight want of level 
or slipping of the supporting fibre may lead to contact between the magnet and damper. 
The appearance of the trace on one or two occasions suggested that some obstruction 
of this kind existed, but between whiles the movement of the magnet was obviously 
free. No single curve showed a large change such as would naturally accompany an 
alteration of scale value from 1mm. = 8'ly to 1mm. = 6 -Sy. Four base value 
determinations had been made in July, following five in June. But no decisive evidence 
was forthcoming from these, there being irregularities in the base values deduced whether 
8 • ly or 6’8y was accepted as the value of 1 mm. After considering the parallel changes 
in the absolute daily ranges in E' and S', it was decided to apply the value 1 min. = 8* ly 
up to the end of July and introduce the value 1 mm. = 6-82y on August 1. 

In the case of T the scale value found on August 7, 1911, suggests a change, hut this 
is not confirmed by the observation on August 21. Some readjustment of the magnet 
took place on October 26, but judging by the determinations on October 30, 1911, and 
January 1, 1912, this did not alter the scale value. It is clear, however, that a rise of 
scale value did occur, though no intentional change was made, early in 1912. The V 
instrument was relevelled on January 19, 1912, and the change may have occurred 
then, but in the absence of any definite evidence it was assumed to have occurred at 
the end of January, and the mean result given by the observations from February 4 
to October 11, 1912, viz. 1 mm. = 7'92y, was accepted as holding from February 1 
up to the end. Prior to this 1 mm. = 7 -eiy was accepted. 

As the uncertainties just described in the S' and V scale values may arouse mis- 
giving, a word or two on the subject may not be amiss. As regards V, the change 
from 7*61y to 7-92y represents only 4 per cent. If it occurred on January 19, 1912, 
instead of on January 31, the only effect would be an underestimate of less than 2 per 
cent, in the range of the diurnal inequality for J anuary, and an underestimate of some 
4 per cent, in the absolute range on eleven individual days. Error in a scale value, he 
it noticed, has uo effect on the type of the inequality in the element directly concerned. 
The times of maximum and mini mum and the phase angles of the Fourier waves are 
not influenced. It is true, however, that the diurnal inequality of an element such as 
I (Inclination) which is based on more than one of the elements directly recorded is 
affected, as has been already pointed, out in the case of E and S. 
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It must not be supposed that the uncertainties we have observed in the Antarctic 
are by any means outstanding. There are few even of the best observatories which 
exhibit a constancy of scale value as good as that exhibited by E', and many show 
changes in the V scale value at least as troublesome as that met with in the Antarctic 
instrument. In fact, except in the case of D instruments, Gordian knots as to scale 
values have to be cut at most observatories to an extent not generally realised. 

Section 9. — The determination of the base line values was a somewhat complicated 
process. In Fig. 3 suppose OE and OS directed towards true East and South, while 



OK' and OS' malce witli them the angle 7° 36'. Then so far as the horiizontal plane is 
concerned, the curves showed the variations in the cave in the forces E' and S' directed 
respectively along OE' and OS', while the absolute observations gave the absolute 
values in the hut of the horizontal force H and the declination D. Let us first suppose 
for simplicity that no magnetic difference existed between the cave and the hut. In 
the Antarctic H is low, and consequently the fluctuations in D during large disturbances 
are great. If one attempts to allow with mathematical precision for such large changes, 
complications come in. For one thing, any change in H implies a corresponding change 
in the force equivalent of a 1' change in D. Two practical considerations, however, 
c.omc in. From our general knowledge of the type of magnetograph, it is improbable 
that the scale value was absolutely uniform across the full width of the sheet, while the 
results of any absolute observation taken during a specially disturbed time would be 
affecited by such considerable uncertainties that any attempt at great nicety in the 
deduction of the corresponding base line value would be labour wasted. A further 
consideration was that the observations did not suggest any large secular change. 

Suppose at any time H, E' and S' corresponding values of the horizontal force and 
its components along OE' and OS', 0 and <f> being the inclinations of the resultant H 
to OS' and OS respectively. I'lien we have 

E' = H sin«^, S' = H cosO .... (2). 

Corresponding small changes /IH, A6, ziE' and dS' are connected by the equations 

dE' = dHsine + Hd0 cosfl> 
dS' = dH COS0 — Hd 0 sin0, 
dH = dE' sin0 + dS' co30, 

Hd0 = dE' COS0 ~ dS' sin0. 
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If H and 0 represent certain standard values, E' and S' will represent corresponding 
standard valnes, and dH, d 6, dE' and dS' will represent any not too large corresponding 
departures from these standard values. 

The standard values accepted were 

H == 4260y ; ^ = 25° 20', and hence fl = 32° 66' ; 

these being very nearly the mean values given hy all the absolute observations when 
combined. Corresponding to these we have 

E' = 231 6y, S' = 3675y. 

As 0 — <]!• is constant, and so A9 = we have supposing cf>~<f) in circular measure, 

E' = 2316y + sinS (H — H) + H cos0 ((f> — <^),1 /^\ 

S' = 3575y + COS0 (H - H) - H sin0 (<f> - I 

If at the time to which the above equations refer e and s are the ordinates of the 
E' and S' curves, E<, and S<, the base line values, and c,, c, the respective scale values, 
then 

E' = B„ -|- eCf, S' = So -j- sCg. 

Consider now the ordinary H observation as taken in the Antarctic, consisting 
of a vibration experiment during which the mean values of the E' and S' ordinates are 
ei and $i, a deflection experiment during which the mean values of the ordinates are 
Cj and $ 2 , and finally a vibration experiment with mean ordinates and Sg. Then the 
appropriate mean values of the ordinates are 

c = i (^1 -h 2^2 + C3) > s = i (^1 -I- 2 s 2 + S 3 ). 

Suppose similarly e' and s' to be the mean ordinates during the declination 
observation on the same day. Then we have 

Eo H- eCg = 2316y + sinfl (H — H) + H cosfl {<f> — <j>), 

Eo -t- e'c, = 2316y -f- sinfl (H' — H) + H cos0 (^' — 

Adding, and dividing by 2, we find 

Eo+ic, (e+e') = 2316y+sine cosfl 

What the absolute observations give directly is H and while H — H' and <j> — <f>' 
are derived from the curve measurements and the relations 

H — H' = sin0 c« (e — e') + cos0 c, {s — s'), 

H — <f>') =i COS0 c, {e — e') — sin0 c, (s — s'). 

Eventually we get 

E, = 2316y + sine (H - H) -f cose E {<f>' - ^) - (e + e') 

-j- I cos 20 . c* (e — e') — sin 26 . c, (s — s') . (6), 

and similarly we find 

S, = 3575y + cose (H - H) - sin0 H { 4 ' - ?) - i c. (s + s') 

— I sin 26 .o,{e — e') — | cos 26 . c, (s — s') . (6). 
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Taking 32° 56' for 6, and 4260y for H, we have 

sin0 = *544:, cosfl = *839, sin 20 = -OIS, cos 26 = *409, 

H sine = •674(180X60/7r), H cos0 = 1-040 (180 xSO/tt). 

Subsequent to July, 1911, when c, and c, had the respective constant values 6-46y 
and 6 - 827 , the working equations were with (<^'— </►) expressed in minutes of arc 

E, = 23167 + 0*544 (H-H) + 1*040 — 3*23 {e e') 

+ l-32(e-e')-3-ll (5-s') . . . (5'), 

So = 35757 + 0-839 (H-H)- 0*674 — 2*95 {e - e') 

- 3-41 (s + s') — 1-39 (s - s') . . . (O'). 

In actual practice e represented the arithmetic mean of 8 curve measurements, 
taken respectively at J and of the time interval answering to each of the vibration 
experiments, and at f and I- of the time interval answering to the deflection 
experiment; while e' represented the arithmetic mean of 2 curve measurements, 
taken respectively at J and of the time interval answering to the declination 
observation, s like e was the mean of 8 curve measurements, and s' like e' the 
mean of 2. 

To determine the V base value, let e", s", v" be corresponding mean ordinates of 
the E', S' and V curves answering to the mean time of the dip observation. Then 
the values of E' and S' at the time of the observed dip are respectively E„ -\- s."c, and 
So + s"c», and the corresponding value of H, viz. H", is given by 

H" = S + (Eo + e"c, - £') sinO + (So + s"c. - S') cosO, 
where, as before, 0 = 32° 66'. 

If I be the observed inclination 


V = H" tan I = Vo + c.v", 


where c, is the scale value of the V curve, and V,, the base line value. Thus finally 

V, = H" tan I - c+' (7). 

The mean ordinates e", a", i;" each represented ' the arithmetic mean of 
4 measurements answering to | and of the interval occupied by the dip 

observation. 

Table VIa gives the base values as computed from the absolute observations 
separately considered, and the temperature shown by a thermometer in the cave at 
the time of the dip observation. The values enclosed in parentheses were considered 
unsatisfactory for one reason or another and were discarded. 
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Table VIa. — Base Yalues from Individual Observations. 


Date. 

E^ 

S'. 

V. 

Tempera- 

ture 

(Centi- 

grade). 

Date. 

E'. 

S'. 

V. 

Tempera- 

ture 

(Centi- 

grade). 

1911. 

y 

y 

y 

o 

1911. 

y 

r 

r 

o 

Febiuary 17 ... 

1752 

2724 

69621 

- 7'0 

December 2 ... 

1741 

2876 

67864 

-17-0 

„ 23 ... 

1713 

2697 

67696 

7-8 

9 ... 

1740 

2872 

679G4 

-15-9 






„ 18 ... 

1771 

2850 

08050 

-14*1 

March 3 

1767 

2765 ( 

69042) 

- 9-5 

„ 23 ... 

1748 

2869 

68004 

-14-2 

„ 9 

1749 

2741 

68260 

-lO'S 

„ 29 ... 

1774 

28.57 

68080 

-13-2 

20 

1746 

2769 

68289 

-13-0 






„ 24 

1713 

2747 

67972 

- 12'2 

1912. 





31 

1716 

2769 

68327 

-- 12*6 

January 5 

1760 

2880 

67846 

--13*0 






„ 12 ... 

1711 

2908 

68010 

-- 12*6 

April 11 

1709 

2708 

68021 

-14'0 

22 ... 

1782 

2866 

68003 

-11 -5 

„ 16 

1714 

2715 

67712 

-15'0 

„ 30 ... 

1781 

2876 

68003 

-lO-O 

26 

1711 

2675 

68090 

-17-0 











February 5 ... 

1753 

2953 

68045 

.... 9.4 

May ^ 

1732 

2660 

67753 

-18-0 

„ 12 ... 

1760 

2969 

68013 

- 9-3 

„ 11 

1726 

2671 

67950 

- 20-0 

„ 24 ... 

1769 

2992 

67970 

- 10*5 

„ 20 

1720 

2667 

67744 

- 21-0 






„ 26 

1733 

2688 

68038 

- 21-0 

March 

(1698) 

(2898) 

(6.5735) 

-11*5 






„ 7 

1767 

2993 

68023 

- 11-9 

June 3 

1712 

2713 

68037 

-- 2 oa 

„ 18 

1764 

2985 

67925 

- 13-3 

„ 9 

1718 

2748 

68174 

- 20-0 

„ 24 ... 

1765 

2996 

67853 

■ -13-9 

„ 16 

1712 

2740 

67920 

— 20'1 






„ 21 

1713 

2741 

68206 

-22-5 

Apiril 2 

1724 

2996 

67611 

- 1 . 4.2 

29 

1710 

2747 

68101 

-24'0 











May 7 

1717 

2990 

67785 

■17-0 

July 6 

1711 

2807 

68100 

-28-0 

„ 16 

1733 

2999 

68123 

-17-() 

„ 17 

1717 

2758 

67952 

-24-1 

„ 21 

1728 

2995 

67917 

- 18-2 

24 

174-5 

2727 

(68604) 

-24'8 

„ 29 

1751 

2983 

67893 

-18-8 

27 

1720 

2765 

68051 

-24-7 











June 6 

1723 

3000 

68195 

— 

August 5 

1715 

2879 

68108 

-25-5 

„ 19 

1754 

2957 

67677 

-19-4 

„ 12 ... 

174:8 

2873 

68026 

-26'0 

» 28 

1769 

2972 

68384 

-19-8 

„ 18 ... 

1743 

2866 

68027 

-26-4 






„ 28 ... 

1765 

2899 

— 

— 

July 11* 

(1789) 

(3071) 

(69601) 

- 19-5 






»■ 21 

1715 

2980 

68135 

-19-6 

September 1 ... 

1754 

2869 

(68415) 

-25-5 






9 ... 

1751 

2871 

68006 

-25-8 

August 9 

1721 

2993 

68121 

— 19-9 

„ 16 ... 

, 1747 

2860 

68248 

-26-2 

24 ... 

1747 

2982 

67750 

-19-3 

„ 23 ... 

. 1744 

2865 

67967 

-25'8 











September 7 ... 

1722 

2995 

67847 

-19-6 

October 4 

. 1722 

2887 

68015 

-24-0 

■■ „ 24 ... 

, 1726 

2990 

67749 

-20-0 

12 .. 

. 1726 

2882 

68070 

-23-6 






20 .. 

. 1747 

2864 

68062 

-23-0 

October 7 

. 1741 

2974 

67750 

-20-0 

„ 28 .. 

. 1726 

2887 

68086 

-22-6 











November 2 . . 

. (1762; 

) 2964 

— 

— 

November 3 .. 

. 1756 

2861 

67954 

-21'7 






» 11 

.. 1732 

2886 

68008 

-20'0 






» 18 .. 

.. 1764 

2870 

‘ 68094 

-19-3 






„ 24 . 

.. 1736 

2896 

; 67839 

-18-0 





1 


* Value obtained for m on this day erratic. 
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Section 10. — Some general considerations may help to explain the choice actually 
made of base line values. Consider the simplest possible case — much simpler than that 
presented in the Antarctic — viz., a declination, magnetogxaph of a stable type in a dry 
chamber in ordinary latitudes, not exposed to local disturbances, artificial or otherwise. 
In the absence of alteration in the magnet, its supports and the optical arrangements, 
there is no reason why the base ralue should alter at all. Accidents of course may 
happen, and the assumption of an invariable base line value would be a rash one ; but, 
as a matter of fact, any alteration is unlikely to be large, and if careful absolute 
observations are taken at not too long intervals, any change that may occur is easily 
determined to a high degree of accuracy. Barring some serious accident, the scale 
value cannot alter sensibly, thus no uncertainties can arise on that ground. The element 
recorded by the niagnetogi'aph and the element observed with the absolute instrument 
are the same. The time required for an absolute observation is much less than that 
required in the case of any other magnetic element, and the accuracy in European 
latitudes is ordinarily greater. Thus the inter-comparison of the observational and the 
(nirve value is at once direct, simple and accurate. Next in facility and in accuracy, 
under normal conditions, comes the H magnetograph. This shares with declination 
the advantage that the element recorded is the same as that directly observed. The 
disadvantages as compared with declination are that the absolute observation takes 
ten times as long, and has seldom half the accimacy, while the scale value can alter, and 
complications arise from the existence of a temperature coefficient. "When the mag- 
netographs dealing with, the magnetic force in the horizontal plane record, as those in 
the Antarctic did, two rectangular components, each is dependent both on the D and 
the II observation, and any weakness or defect in either absolute observation affects the 
base value for l>oth magnetographs. Thus the chances of error coming in are at least 
(loubled, while the difficulty of localising any error and tracing its consequences are 
much enlianccjtl. Thiis does not necessarily mean that the balance of advantages must 
be witli tlie 1.) and H inagnetographs, as compared with E and S magnetographs. 

One weak point with the D magnetograph is that its scale value, when expressed 
in terms of force, depends on the local value of H. For instance, a D magnetograph 
having a .scale value of 1 miu. = 1 minute of arc, has in terms of force 

1 mm. = 10 ‘Sy where H =0-38 C.G.S. 

5-26y „ „ =0*18 

= l-3y „ „ =0-04:6 

Under ordinary European conditions 1 mm. = 5 ' 2Sy is a convenient enough scale 
value. But 1 mm. = 10'5y is too low a- sensitiveness for the comparatively quiet 
equatorial regions, where H approaches 0'36 ; while 1 mm. = l'3y is much too high 
a sensitiveness for polar regions, where a low value of H is accompanied by an excep- 
tional amount of magnetic disturbance. Thus there may be excellent reasons for 
preferring E and S to D and H magnetographs ; but absolute instruments being as at 
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present, ' the former choice inevitably introduces more difficulty and less certainty in 
base line value determinations. 

The V magnetograph is usually the most troublesome. To obtain absolute 
values for comparison with curve measurements, one has to combine absolute 
observations of H and I taken at different times and with different instruments, 
each observation occupying a considerable time. An observation with a dip circle 
takes much longer than a declination observation, and possesses much less accuracy, 
while the V magnetograph has usually a larger temperature coefficient than an H, 

E or S magnetograpL, and is more liable to change both as regards its scale value and its 
base line value. In high magnetic latitudes the equivalent in vertical force of 1' of 
dip is large — at the Antarctic station it exceeded 300y —■ , thus even with the best and 
least variable of dip instruments it is futile to expect any very high accuracy in the 
base line value derived from a single observation. The dip circle in use at the Antarctic 
base station seems to have behaved well, but of the needles originally in use first one 
and then the other had to be discarded. A reserve needle belonging to the circle also 
gave out, and the two needles finally in use really belonged to another circle. It is 
hardly likely that the five needles in use at one time or another would, when at their 
best, have given absolutely the same dip, and probably some of them continued in use 
after appreciable deterioration had set in. 

At stations where importance is attached to the mean values of the elements for 
individual days, a separate base value must be assigned to each day, if not to shorter 
intervals of time; If the differences between the base values derived from successive 
absolute observations are all small — which implies a good magnetograph and first-rate 
observing xmder favourable conditions — daily base values can be obtained either by 
arithmetical or graphical processes, which if not reliable to ly have at least 
considerable claim to respect. A glance, however, at the individual results in Table Via 
shows that assigning base values to individual curves, even in the case of E' and B', 
would merely simulate an appearance of accuracy. Failing that, the most usual 
course is to assign base values to individiral months, accepting for each month the mean 
result of all the determinations made during that month. There is, however, a serious 
objection to this course in the present case, owing to the fewness of the observations 
in some of the months, especially the later months of 1912. Also, if one calculates 
monthly mean base values in the usual way from the data in Table VIa, one finds that 
there is no regular progression, such as one would expect if the only effective cause 
were a progressive drift in the instrument or a seasonal temperature effect. 

Section 11. — In the case of B' a decided difference presented itself between the 
midsummer and midwinter months, but the differences between successive months 
seemed to be largely accidental. It was thus decided to accept generally as the base 
value for month n, (&„_i -f bn ). i)/3, where represents the mean value obtained 
from the observations of the month n alone. For the month of February, 1911, the 
mean of the two determinations made in that month was accepted, and the value 
accepted for October and November,’ 1912, represented the one reliable observation 



made during these two months. Fortunately, in these two cases the values accepted 
fit in fairly well with the run of the values obtained for the adjacent months. March 
and April, 1912, had also to be treated somewhat differently from the other nionths 
owing to a sudden change of base line which occurred on. March 2d in connection with 
a quick run. The distances apart of the E', and V base lines altered during the 
changing of papers, affording clear evidence that something had happened. It was 
obviously a quiet time, and yet in the short interval there was a change of 5 mm., 
representing 32^ in the E' ordinate. It was decided to accept this as a measure of the 
discontinuity, and to assign to the few subsequent March days the same base value 
as for April. The base values finally accepted for E' are given in Table VIb. 


Table VIb. — B ase Line Values Accepted. 


F/. 

S'. 

V, 

1911. 

y 

1911. 

y 

■ 1911 . 


y 

February 10-28 

1732 

.February 10-28 

2710 

February 10- 28 


68668 ’ 

Marcli 1-31 

1727 

March 1-.31 

2756 

March 1-31 ... 


68212 

April 1-30 

1726 

April 1-30 

2(>90 

A]>ril l-K) ... 


67803 





37-30 ... 


68218 

May 1-31 

1718 

May J -24 

2690 

Uiiy 1-3 


67829 



25-31 

2677 

„ 4-31 ... 


67871 

June 1-30 

1721 

.June 1 -5 (13 li.) 

2682 

JuTlO 1-2 


68067 



„ 5(1511.)- 30 

2747 

„ 3-20 ... 


68110 

July 1-3J 

1726 

July 1-3 

2747 

July 1-3 


68070 



„ 4-10 

2759 

4-31 ... 


6806D 



,, 11-18 

2767 






„ 19-31 

2755 




August 

1738 

August 

2873 

Augihst 

... 

68065 

September 

1741 

September 

2873 

Se})tetn))(*.r 

... 

68065 

October 

1742 

October 

2873 

0(‘4i«l>cr 

... 

68065 

November 

1744 

November 

2873 

November 

... 

67974 

Decombor 

1753 

December 

2873 

Uecomber 


67990 

1012. 


1912. 


1912. 



January 

1758 

January 1 (0 li.)-l (14 k.) 

2873 

January 

... 

67990 



„ ‘ 1 (I7li.)-31 ... 

2882 




February 

1702 

February 1-26 

2971 

Fubniary 

... 

680)9 



„ 27 20 

2992 




Marcli 1-25 (10 li.) ... 

1701 

Murcli 

2992 

March ... 

... 

67891 

„ 26 (12h.)-3l ... 

1730 






April 

1730 

April 

2992 

April 


67891 

May 

1735 

May 

2992 

May 


67891 

June 

1732 

June l-G (8 h.) 

2992 

Juno 

... 

67956 



„ 7(r2h.)-30 

2980 




Ji^ly 

173.3 

July 

2980 

July 


67956 

August 

1724 

August 

2980 

August 

... 

67956 

September 

1733 

September 

2980 

Seiiteiuber 


67956 

October 

1741 

October 1-13 (U. h.) ... 

2980 

October 

... 

57956 



„ 13(12h.)-31 ... 

2964 




November 

1741 

November 

2964 

November 

... 

67956 


Assigning separate base line values to individual months introduces, of course, 
a fictitious discontinuity between the entry under 24 h . on the last day of a month 
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and the entry under Oh. on the first day of the next month. The force, of course, was 
really the same, though shown as different. But the same thing happens, though 
less obviously, when one assigns separate base values to separate days. It may, of 
course, take a number of days for the accumulated error to amount to ly and so 
become visible. These discontinuities may be hidden by confining the tabulated values 
to the hours of 1 to 24, because it is then impossible to say by mere inspection that 
the difference between the entries under 24 h. on day n and under 1 h. on day n 1 
is not wholly due to a real change of force. But discontinuities are not removed by 
merely concealing them. 

In the case of 8' there were in several months a succession of small dislocations 
which introduced an element of uncertainty. Such discontinuities may arise in several 
ways. The introduction of iron into the immediate neighborhood of a magnetograph 
introduces a discontinuity which disappears with the removal of the iron. Tn such a 
case the effect is not usually confined to one of the magnetographs, and is comparatively 
easy to detect and allow for. Again a discontinuity may arise from a knock to the 
magnetograph, or slight -movement of the bench supporting it. This is usually 
adequately dealt with by assigning an alteration to the base line value equal to the 
discontinuity shown by the curve ordiuate. But a discontinuity may also arise 
from the yielding of some impediment, such as is provided by an obstructive hair 
or by grazing friction, to the free movement of the magnet. In such a case, instead 
of a smooth continuous curve, we may have a succession of small dislocations 
connected by straight portions of curve, the tendency in the magnet to move being 
resisted until the motive power prevails sufficiently to secure a jerky iniovement. 
The sum of the discontinuous movements may in such a case represent the full 
movement the magnet would have made if quite free, hut even if it does the ordinate 
of a straight portion of curve will not in general give the current value of the force 
quite correctly. If the phenomenon is at all prominent, the only satisfactory 
course is to wholly omit the curve for purposes such as the calculation of the 
diurnal inequality. In such a case it is practically impossible, without some 
extraneous source of information, to decide whether there was or was not a real change 
of base value. In the Antarctic small vibratory movements of the magnet were so much 
the rule that a dislocation preceded by an absolutely straight portion of curve 
presumably represented sticking, or friction, of some kind. There were several examples 
of this in the S' curves, hut on other occasions the magnet, judging by the oscillatory 
nature of the curve both before and after the discontinuity, appeared to be quite free. 
Dislocations of the latter kind appeared in the curves of May 26, Jrme 5, July 3, 10 
and 18, 1911, and October 13, 1912. As an example of the methods employed, take 
the case of June and July, 1911. On June 5 there was an undoubted large change 
of condition which could not be bridged. During the rest of June and July the base 
values found showed irregular fluctuations. There were a succession of small dis- 
continuities equivalent in force to -f 127 on July 4, 87 on July 11 and — 12/ on 

July 19 ; but no clear suggestion of a drift of base line in either direction. It was 
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accordingly assumed that no real change of base line had occurred except wliat was 
produced by the above dislocations. On this hypothesis the base line value was, 
say, b up to the time of the first dislocation, b -{- 12y between the first and second 
dislocations, b + 20y between the second and third, and b -h Sy after the last disloca- 
tion. Referring to Table VIa, we thus get the following eight values for b : — 

From the last four observations of June, 2748y, 2740y, 2741y and 2747y ; 
from the four observations of July, 2795y, 2738^, 2719y and 2747^. 

The mean of the eight values 2747y was thus accepted for the value of b. This 
gives 2759y as applicable between the first and second dislocation, and so on. 

On January 1, 1912, there were some hours’ loss of trace. Some work had to 
be done to the S' magnetograph, entailing a large temporary change of temperature. 
On Jxme 6 and 7, 1912, there were numerous dislocations suggesting sticking of the 
magnet, and a considerable portiorr of curve had to be rejected, and base values had to 
be settled independently for the earlier and later parts of the month. The base line 
values finally accepted for S' are given in Table VTu. 'J’hough representing a great deal 
of consideration they are undoubtedly more open to criticism than the hase line values 
assigned to E'. When a discontinuity occurred near the middle of a day a suitable 
allowance was made for the hourly values during the shorter portion of the day, without 
formally altering the base line value. The two processes of course are really identical. 
This was also the course adopted when, as sometimes happened, there were two or 
more discontinuities in the course of a day which practically neutralised one another. 
In all such cases special care was taken to ensure that the effect of the discontinuities 
on the maximum and minimum values for the day was duly allowed for. 

The V base line values enclosed in brackets in Table V Ja were omitted for various 
reasons. That found on March 3, 1911, differed very largely from all the subsequent 
results of the month, and as there was an abnormally largo difference between, the two 
dip needles there was presumably some observational error. On July 24, 191 1, the mean 
observed dip was 2' higher than on July 27, a result impossible to reconcile with what 
was shown by the curves. On September 1, 1911, the dip ob.served with needle No. 5 
seemed abnormally high. On March .3 and July 11, 1912, the H observation was 
almost certainly at fault. 

Table ’Vln shows the base line values finally accepted for V. lu obtaining them 
the chief guiding principle was that apart from the change of scale value in January, 
1912, the only known systematic cause for change of base line value was change of 
temperature. In view of the fact that a difference of T in. dip meant a change of 
300y in V, differences of the order of SOy in base line values could not possibly he 
substantiated without a much larger number of dip observations than were actxially 
taken. The reason for assigning special base line values to a few days at the commence- 
raent of each of the three months May, June and July, 1911, was simply the existence 
of small discontinuities in the curves. The changes accepted were equivalent to 
bringing the ends of the curve before and after the dislocation into line. The apparent 
difference between the earlier and later parts of April, 1911, is really fictitious. There 
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were often two lines visible on the sheet, both coming from the fixed mirror of the V 
magnetograph. The^ remained at a fixed or approximately fixed distance apart. One, 
which was nsually much the brightest, was normally accepted as the true base line. 
But during the earher part of April, 1911, this line was so faint that it was more 
convenient to use the other. The apparent change in the base line value, viz. 4-1 5y, 
is really the equivalent in force of the distance between the two lines. 

Obviously no very high degree of precision can he claimed for the V base line 
values. Under conditions such as prevailed in the Antarctic, where 1" in the dip meant 
5y in V, it is obvious that no V base line values which depend ultimately on a dip 
instrument can reasonably be expected to have any high accuracy. An instrument is 
obviously wanted giving absolute values of V directly. 
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CHAPTER III. 


LOCAL DISTURBANCE AT BASE STATION. 

Section 12. — Magnetic disturbance may arise in various ways, and is a very 
difficult thing to define. If we take declination by way of illustration, ordinary 
charts show isogonals, i.e., lines of equal declination, as nearly straight, or possessed 
of but slight curvatxxre, for lengths of 50 or 100 miles. These lines represent a sort 
of average state of matters for places within a zone a considerable number of miles 
in width. If declination were actually observed at a number of stations all situated 
on an isogonal line, some of the values encountered would differ considerably from 
the value shown on the chart. The places at which these departures were large would 
natxxrally be regarded as highly disturbed ; those places at which they were small 
would be regarded as only slightly disturbed or undisturbed. If the values obtained 
for declination or any other magnetic element at places only a mile or two apart differ 
considerably, there is unqxxestionably local disturbance. At some places sensible 
differences are found between points only a few yards apart ; or, in extreme cases, 
between points in the same vertical, a few feet or even inches apart. A large mass 
of magnetic rock at a depth of a mile or two may cause a considerable local disturbance, 
but the disturbance will be sensibly the same at points only a few yards apart. This 
need not, however, be the case if the disturbance arises from rocks in or near the surface 
of the groxmd, and still less so if the cause is artificial, e.g., if it is due to magnetic 
material in the building where the observations are taken, or in the actual support of 
the magixetic instrument itself. If considerable disturbance is foxmd at any spot, 
it is not safe to assume that it is the same at all places within the same room, even if 
we are certain that no magnetic materials have been used in its construction. 

In the case of the 1902-04 Antarctic Expedition observations taken on the ice 
in McMurdo Soxxnd, only about 1|- miles away from the magnetic hut, gave for H the 
value -0433. while the mean value observed in the hut itself was -0667. In the case 
of ice over deep water, if a source of disturbance exists, it must be at a considerable 
distance from the magnetometer. Thus the presumption is that it was the magnetic 
hut which suffered mainly from disturbance, and that the source was pretty superficial. 
Under such circumstances the disturbance might well be sensibly different in the 
magnetograph and absolute observation huts, even if we assume there was no magnetic 
material in either. In 1902-04 no absolute observations were made in the magneto- 
graph hut, so that nothing positive was known. In 1911-12, however, comparisons 
were made of the absolute hut and the magnetograph cave, and also of the hut and 
a station on the sea ice aboxit 2,835 yards away from the hut. 

In the case of the hut and cave the comparison was confined to H, and complete 
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observations were not taken in the cave, vibrations only being observed there. Com- 
parisons were made on three occasions in January, 1911, before the magnetographs 
were installed. Each comparison consisted of two sets of vibrations in the cave, and 
an intermediate set in the hut. As the magnetographs were not in operation, it is 
impossible to say how uniform the value of H was at one and the same station during 
the three sets of vibrations constituting a comparison. As the comparisons were in 
midsummer, the season when the Antarctic disturbances were most in evidence and 
diurnal inequalities largest, invariability in the value of H throughout the time 
required for the three sets of vibrations is a priori most unlikely, and as a matter of 
fact the particulars recorded of the vibrations imply considerable disturljance during 
some of the vibration sets. It is probable, however, especially in view of the similarity 
of the results reached on the three occasions, that the mean result suffered but sliglitly 
from magnetic changes during the observations. 

If T„ and denote the observed times of vibration in the cave and hut, and we 
neglect the effect of the torsion of the suspension and of any difference in temperature 
between the hut and cave, we have — 

H,/H„ - (T„/T,)^ (8), 

where and H/, represent the values of H in the cave and hut. As a matter of fact, 
the temperature during the first set of vibrations in the cave was always slightly lower 
than that in the hut, but the mean temperatures of the magnet during the hut and cave 
experiments difiered by only about 1° C. Again, the same suspension was used through- 
out. Thus any uncertainties arising from temperature or torsion should be trifling. 

The result assumes of course that there was no sensible permanent change of 
moment in the magnet during the vibrations on any single occasion ; but this may 
safely be assumed in the case of an old magnet in careful hands. The values thus 
obtained on the three occasions for H<,/Ha were 

0-9478, 0-9522, and 0-9499, mean 0-951. 

The error is unlikely to have been more than one or two parts in 1000. The difference 
thus found between and H/, is not large. Still it is not small enough, considering 
the proximity of the hut and cave, to warrant the conclusion that variations in the 
value of H throughout either the cave or the hut were negligible. In view of a 5 per 
cent, difference it would no doubt have been well if observations had been taken at 
more sites than one in both hut and cave, and at different heights above the ground. 
A point arises immediately in connection with the latter question. The observations 
in the hut were made presumably with the magnetometer in the position it occupied 
during the ordinary magnetic observations. But the complete H observation consists 
of both a vibration and a deflection. The former gives mH', where H' is the value of 
H at the position occupied by the collimator magnet during the vibration, while the 
latter gives m/H", where H" is the value of H at the position occupied by the deflected 
magnet. These two positions are in the same vertical, but in the ordinary Kew pattern 
magnetometer they are at a distance of about 5| cms. apart. The heights of the two 
points above the top of the tripod or pillar supporting the magnetometer are roughly 
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in the ratio of 4 : 3, while the heights above the floor are roughly in the ratio of 18 : 17. 
As we shall see presently, there is some reason to believe that the local disturbance 
was mainly confined to the hut. Thiis the point raised is conceivably of importance. 
If the source of the disturbance was the natural rock underfoot, or magnetic material 
in the framework of the hut itself, the difference between H' and H" could hardly exceed 
1 or 2 per cent, of H. Assuming no magnetic material in the magnetometer itself, 
the most unfavourable case would be that of an unseen nail or other iron object near the 
extreme top of the supporting pier. In such a case the departure of H" from the 
undisturbed value might be double that of H', the difference between the undisturbed 
value and that given by the ordinary complete observation would then be 50 per cent, 
larger than the difference between H' and H. Such an extreme case is most unlikely, 
but we arc obviously hardly justified in assuming that exactly the same value would have 
been obtained for H^/H* if the comparison had involved the ordinary complete observa- 
tions, including both vibrations and deflections. Also we cannot bo sure that H was 
absolutely uniform throughout the whole cave. 

The comparisons between the hut and a station on the sea ice were made nearly a 
year later, during December, 1911, and January, 1912. J?hc H o])8orvations on sea ice 
comprised vibrations only, but there were complete observations of both declination 
and dip. They were taken on five separate days, Vv/,., l)et;embcr 27, and January 2, 
11, 10 and 23, at about the usual time of the a,bsoluto observations. Observations 
were not taken in the luit on the same <lays, bul. there wei-e com])lctc observations in 
the hut on nine December and January days, including December 23 and 29, and January 
5, 12, 22 and 30. Thus the base values deduced for the curves from the December and 
January observations in the hut should supply an excellent basis for the comparison, 
at least in the case of H and D. In the case, however, of H the ice observations supply 
the value not of H but of mH. To utilise thenr we must assign a value or values to m. 
The six ordinary observations between December 23 and January 30 supplied the 
following values 957-9, 956-5, 952-6, 958-3, 956-6 and 954-9. Under the Antarctic 
conditions we may reasonably regard the differences between these values as accidental, 
and accept their mean 956-1 as a closely approximate value for m during all the obser- 
vations on the sea ice. In this case all the ordinary (sorrections were applied in reducing 
the absolute observations. Also the c-.urves were mcasui-ed, and due allowance made for 
variations in H throughout the comparisons. The final results obtained were as follows : — 


Dat(!. 

H from observationH 
on soa icc* 

H oaUuilatcd 
from tlui curvoH, 

curvo value 
value on ico. 

December 27, 1911 

V 

4115 

7 

4293 

1-043 

January 2, 1912 

4081 

4274 

1-047 

„ 11, 1912 

4124 

4306 

1-044 

„ 16, 1912 

4104 

4282 

1-043 

„ 23, 1912 

4135 

4304 

1-041 

Means 

4112 

4292 

1-044 



The curves were not highly disturbed on any single occasion and, as the curve values 
show, the departures of H from its mean value were small. Thus the observational 
conditions were distinctly favourable for high accuracy. 

In the case of observations taken with the magnetometer on a tested tripod sup- 
ported on ice over deep water, there is no reason to fear any sensible difference between 
what we have called above H' and H". Thus in this case we have a quite satisfactory 
comparison, provided we may assume that variaiions in the value of H derived from the 
curves, i.e., from the ice cave — apply to the magnetic hut. As a matter of fact, the values 
of H derived from the curves for the mean times of the hut observations and the ice 
observations differed so little that a small percentage error in the allowance made for 
this difference would be quite immaterial. 

The ice observations incidentally supply an answer to the question whether in the 
ordinary hut observations there was any decided difference between what we have called 
above H' and H". We have only to compare the values obtained for mH in the 
hut observations between December 23 and January 30, with those obtained in 
the observations on ice. The corresponding mean values of logio mH were !• 61518 
for the hut, and 1*59451 for the ice. From this we find 

H'/Hi = 1*049, 

where H' has its previous meaning and refers to the hut, while Hj is the value of H at 
the ice station. 

Out previous result was equivalent to 

(H/ 1*044. 

Thus the difference between the values of H' and H" in the hut was certainly very small, 
ff not absolutely zero. 

Again, if the disturbance in the hut had been due to magnetic material in a sup- 
porting pier, the effect should have diminished as the height above the pier was increased, 
which implies that H" should exceed H'. The above calculation in the contrary makes 
H' the larger, though the difference is really too small to rely on. 

The comparison between cave and hut embodied in (8) really refers to H'. Thus 
in utiUsing the two comparisons to obtain the relation between He and H< it is fairest 
to accept for H^/Hi the value 1*049. Doing so, we find 

He/H< = (Ho/Hft) (Ha/H<) = 0*951 X 1*049 = 0*998. 

The difference of the ratio from unity is certainly not in excess of the probable error 
in the determination. 

We seem thus entitled to conclude that at the spot in the cave where the vibrations 
were taken H had a practically undisturbed value, supposing of course this was true 
of the sea ice. Appreciable disturbance may conceivably have existed in other parts of 
the cave, including the positions subsequently occupied by the magnetographs, but if 
so, it is most improbable that any such disturbance was serious. 
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In the case of D observations in the field, the chief difficulty usually relates to the 
azimuth of the distant mark employed. This difficulty was turned by Dr. Simpson 
in a simple manner, A careful determination of the true bearing of Cape Barne had 
been made from the magnetic hut in connection with the time work. Using a theodolite? 
Dr, Simpson measured the angle subtended at the hut by the line joining Cape Barne 
to the site of the ice observation. This gave him the true bearing of the ice station 
from the hut, and so conversely of the hut from the ice station. When observing D 
on the ice, he used the hut as distant mark. D was observed at the ice station on five 
days, two observations being made on the last day. The following are the results of 
these observations and of the corresponding values of D derived from the curves— -the 
latter really referring of course to the absolute hut, the observations at which served 
to determine the base values : — 


Date. 

I) from oU^orvationB 
on soa ioo. 

i) calculated 
from the curves. 

1) on ico 
— D in Imt. 


0 / 

o / 

/ 

December 27, 1911 

26 12 

24 60 

+82 

January 2, 1912 

26 69 

26 66 

+ 4 

„ 11, 1912 

24 20 

24 26 

- 6 

„ 16, 1912 

26 32 

25 36 

- 3 

„ 2.3, 1912 

26 .34 

24 68 

+36 

„ 23, 1912 

24 46 

26 40 

1 -66 

Means 

25 24 

25 14 

+10 


The calculated values were deduced from the measured values of E' and S' by means 
of the formula 

D = tan-‘ (E'/S') - T 36'. 

The close agreement between the results obtained on the three intermediate days 
and the large differences between the results obtained on the first and last days make a 
somewhat curious contrast, 'rhe mean of the six observations is affected by so large a 
probable error that little weight can be attached to it. But in any case it seems 
reasonably clear that the difference was small, which is at least consistent with the 
absence of any sensible local disturfjance of D in the magnetic hut. 

Corroborative evidence is forthcoming from the absolute D observations in the hut. 
The six nearest in time to the ice observations were taken on December 23 and 29, and 
January 5, 12, 22 and 30. The mean time of observation in these six days was 18 h. 6 m., 
and the final mean value of D was 25“ 22'. The mean hour of the six ice observations 
was 16 h. 36 m. If we take the mean of the diurnal inequalities from all days for 
December and January, we find the declination counted from South to East 18' larger 
at 18 h. than at 16^ h. Thus for comparison with the results at the ice station we should 
reduce the mean of the values observed in the hut from 25“ 22' to 25“ 4', making the 
excess of D on the ice 20'. This last comparison assumes D ,to be on the average equally 



affected by disturbance on the days of the hut and ice observations, and cannot, at 
least theoretically, claim the same accuracy as the comparison made through the curves. 

In the case of the dip the uncertainties in the base line values of V are so large that 
a comparison of the hut and ice station based on curve readings taken at the times of the 
ice observations would possess little if any advantage over a comparison based immedi- 
ately on the absolute observations. From the hut observations nearest in point of 
time and the observations on ice we obtain the following results : — 


Magnetic Hut. Capo Evans. 



Station on Sea Icc. 

Date. 

Mean Time. 

Dip. 

Date. 

Mean Time. 

Dip. 

December 23, 1911 ...^ 

h. 

m. 

o 


n 


h. 

m. 

0 

/ 

n 


15 

26 

86 

24 

13 

December 27, 1911 ... 

15 

9 

86 

30 

1 

„ 29,1911 ... 

15 

22 

86 

25 

43 

January 2, 1912 ... 

15 

56 

86 

35 

43 

January 5, 1912 

15 

29 

86 

22 

20 

„ 11, 1912 ... 

14 

35 

86 

34 

13 

„ 12, 1912 ... 

15 

18 

86 

21 

24 

„ 16, 1912 ... 

15 

3 

86 

33 

10 

22,1912 ... 

14 

56 

86 

23 

18 

„ 23,1912 ... 

15 

36 

86 

32 

55 

„ 30, 1912 ... 

15 

36 

86 

23 

30 







Mean 

15 

21 

86 

23 

25 

Mean 

15 

18 

to 

00 

33 

12 


Considering the close agreement between the mean hours of observation at the two 
places, no allowance need be made for regular diurnal variation. Also, considering the 
comparatively small range in the values observed at either place, it is pretty clear that 
the mean of either set of values cannot be much affected by disturbance. We may 
thus accept the difference between the two mean values as at least a close approximatioii 
to the true difference between the values of the dip in the hut and at the ice station. 
This would give a departure from verticality in the needle of 206' • 8 on the ice, as com- 
pared with 216' ’6 in the hut. From this point of view the difference is not negligible. 
In fact, if it arose from a difference between the values of V at the two stations that 
difference would be very considerable. 

It is easily seen, however, that the difference is sufdciently accounted for otherwise. 
In fact, we find at once — 

tan (86° 33' 12") / tan (86° 23' 25") = 1-048. 

Thus the difference is almost exactly accounted for by the difference between the 
values obtained for H at the two places. 

The conclusions we thus arrive at are that, at the place of the absolute observations 
in the hut D and V were nearly if not quite normal, but H was some 5 per cent, higher 
and I some 10' lower than if there had been — as presumably was the case at the ice 
station — ^no local disturbance. 

As to the cave we have clear evidence that at one point at least H was practically 
imdistuibed. There is also some evidence pointing to the absence of any serious 
disturbance in D. Dr. Simpson’s notes describing the installation of the magnetographs 
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in the cave proceed as follows “ The orientation of the instruments was made 
magnetically. A determination of the declination was made with a theodolite and its 
magnet needle on the beach a little to N.E. of the hut, the declination was found to 
be N. 149 E. (i.e., 31° East of South). A landing compass was used in this case to get 
tlie E.W. line with this value of the declination.” We know that the astronomical 
meridian thus laid down was subsequently found to be 7° ’6 in error. This error would 
be explained if at the time the orientation was fixed the declination, instead of being 
31° East of South as supposed, had been only 23|°. As the mean observed value in the 
hut was 25 1 °, we have thus considerable reason for believing that the values of D in 
the hut and cave did not differ very much. As the D disturbance in the hut was 
certainly small, this would imply that there was not much disturbance of D in 
the cave. 

Section 13. — ^The nature of the influence of local disturbance on regular and 
irregular magnetic changes is a subject on which observation seems hitherto to have 
thrown little light. Local disturbance might influence observational results in two ways. 
It might in the first place make the changes at a fixed spot different from what they 
would have been if the source of disturbance did not exist. It might in the second 
place, if the local disturbance had a rapid space variation, lead to irregularities in the 
results of absolute observations, unless those were taken at an absolutely fixed spot. 
This second source of trouble need not, I think, be considered in the present case. 

It is quite c-onceivable that the magnetic field at a locally disturbed site might 
possess diurnal and annual changes peculiar to itself. Eor instance, if the disturbance 
arose from a thin surface layer of highly magnetic, rock, the annual and diurnal 
variations of temperature in this might lead to sensible annual and diurnal changes 
in the magnetic field in the immediate neighbourhood. This, however, seems a remote 
contingency in the present case. Tlie distnibance effect in. the magnetic field was 
only of the order 200)'. The regular diurnal variatiem of temperature in the Antarctic 
is very small, so that with any reasonable temperature coefficient a sensible effect on 
the magnetic diurnal variat.ion through heating of tlie snrfa(!e is hardly conceivable. 
The difference between the temperatures at midsummer and midwinter is considerable, 
so that a sensible effect on the annual magnetic inequality is less improbable, but it 
could not possibly bo large. 

There is, however, another way in whi(.‘.h local disturbance may affect the diurnal 
inequality. If we suppose that, as is most probable, the diurnal inequality represents 
in the main the action of electrical currents at a considerable height in the atmosphere, 
the size of these currents and so the magnetic field due to them is unlikely to be 
influenced by local disturbance at or below ground level, at least when the source of 
disturbance is as limited in extent as it would seem to have been in the present case* 
If this be so, then the departures .4E, .dS, JV at any given instant from the mean 
value for the day would be the same in the cave and the hut. The inequalities found 
for these elements would not be affected by any uncertainty. 

But this is no longer true when we come to H, and still more when we come to D. 

0 4 ; 
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To clear our ideas, let 0* and 6^ denote the inclinations to astronomical south of the 
magnetic meridians in the hut and the cave respectively. We have* 

in the hut /dHa = cosSj + sini?/!, 

= ( — /IS sin^A -|- ^E cos^a) /H* j 
in the cave ~ ztS cos^c ~1- ^E sin6„ 

ADc = (— dS sinflc + cos©,,) /He. 

In the present case we have no conchxsive evidence that 6* and 0^ were unequal, 
and we are certain that the difference between them, if existent, was small. Thus 
we have every reason to believe that the diurnal variation of H was practically the 
same for the hut and the cave. It is otherwise, however, with D. For, supposing 
0A and 0c identical, we have at any the same instant 

dEj/ AT),, = Hc/Ha = 0‘95. 

In the calculations made here of the D diurnal inequality we have assigned to H 
the values given by the absolute observations, i.e., the hut values. Thus the 
inequality figures given here (Tables XXVI and XXVII) really apply to declination 
in the hut. For declination in the cave, if we assume H to have had the same value 
in the positions occupied by the magnets of the magnetograph as at the spot where 
vibrations were taken in January, 1911, we should have to add approximately 5 per 
cent, to every hourly entry. This would entail a 5 per cent, increase of every D range, 
and a 5 per cent, increase in every a, h ox c Fourier coefficient for D. Hours of 
maximvrm and minimum and phase angles in Fourier “ waves ” would, however, be 
unaffected. Considering the extremely local nature of the disturbance, and the fact 
that the ice observations point to the cave rather than the hut as representative of 
undisturbed conditions, there is considerable reason to think that the diurnal variation 
in the cave would have been more truly representative than that in the hut. In view, 
however, of the incomplete information as to the general magnetic state of the cave, 
it seemed best on the whole to accept for H and D the results of the careful observations 
made in the hut. It is easy for any one who thinks a 6 per cent, correction necessary 
to apply it. 

The inclination diurnal inequality is also affected, but hardly to an appreciable 
extent. This is easily seen by reference to the relation 

Al =. (1/2) sin 2 I (dV/V - dH/H) 

connecting the inequality in I with those in V and H. If we assign to I for the hut 
and sea ice 86° 23' and 86° 33', the values to the nearest minute obtained in the com- 
parison of the two sites, and employ the suffixes h and i as before, we find 

dlj = ’0630 (dVft/VA — dHa/Hj), 
dh = -0601 (dV^/Vi - dHi/Hi). 

But, as we have already seen, V* and V^ were at least approximately equal, and 
* The sign taten here for AD regards D as increasing when the angle in Table IV increases. 
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there is strong reason to believe the same of ^Vsand ^ Vi, as well as of ^H^and /I Hi. 
Also) we found 

Hji/Hi = 1 *05 approximately, 

while also 630/601 = 1-05. 

Thus the terms depending upon H in zll* and .dTi are closely identical. Any 
difference between Alu and Ali must come in almost entirely through V, and 
represent only about 6 per cent, of the contribution from V. Now V/H was about 
16, while the average hourly value of AJJ. was largely in excess of that of .dV. Thus, 
for the average hour, the contribution from V is very small compared with that from 
H, and a 6 per cent, correction to the contribution from V would be of exceedingly 
little importance. There is thus strong reason to believe that D is the only element 
the diurnal inequality in which could be sensibly infl\ienced by the local disturbance 
in the hut, and even in the case of D the uncertainty is probably only of the order 
of 6 per cent. 
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CHAPTER IV, 


RESULTS OF CURVE MEASUREMENTS. MEAN MONTHLY VALUES. 
NON-CYCLIC CHANGES. DIURNAL INEQUALITIES. 

Section 14. — The previous discussion, it is hoped, will have served to explain exactly 
the amount of uncertainty that inevitably prevails in the results deduced from the 
curve measurements. The first of these results which we shall consider are the mean 
monthly values. The mean value of a magnetic element for a day is (1/24) (0 -\- 24) 

+ 1 -f . . +23} where 0 means the value for 0 h. (the first midnight), 1 the value 
for 1 h. and so on. If instead of one single day we take the average of all the days 
of a month, the formula gives us the mean value of the element for the month in question. 


Table VIIa. — Mean Values Derived from Curve Measurements. 


Month or Season. 

E' 

S' 

E 

S 

D 

H 

V 

191L 

y 

y 

y 

y 

o 

t 

y 

y 

February 

2271 

3490 

1789 

3760 

25 

27-0 

4164 

68591 

March 

2263 

3530 

1776 

3798 

25 

4'1 

4193 

68322 

April 

2276 

3519 

1791 

.3789 

25 

17-7 

4191 

68371 

May 

2277 

3523 

1791 

3793 

25 

16-6 

4195 

68019 

June 

2276 

3539 

1788 

3809 

25 

8*9 

4208 

68211 

July 

2281 

3540 

1793 

3811 

25 

11-9 

4211 

68177 

August 

2291 

3540 

1803 

3812 

26 

18-7 

4217 

68156 

September 

2295 

3545 

1806 

3817 

26 

19-2 

4223 

68162 

October 

2294 

3549 

1805 

3821 

26 

16-7 

4226 

68167 

November 

2288 

3550 

1799 

3821 

25 

12-2 

4223 

68099 

December 

2296 

3562 

1806 

3834 

25 

12-4 

4238 

68082 

1912. 









January 

2297 

3562 

1806 

3835 

26 

13-0 

4238 

68059 

February 

2301 

3573 1 

1808 

3846 

25 

10-9 

4250 

68066 

March 

2306 

3651 

1816 

3825 

26 

23*9 

4234 

67984 

April 

2294 

3566 

1802 

3837 

26 

9-7 

4239 

68014 

May 

2297 

3672 

1804 

3844 

25 

8-6 

4247 

68038 

June 

2299 

3572 

1806 

3845 

25 

10-0 

4248 

68122 

July 

2.301 

3671 

1808 

3844 

25 

11*8 

4248 

68123 

August 

2293 

3677 

1800 

3849 

25 

3-7 

4249 

68125 

September 

2304 

3581 

1810 

3854 

25 

9-6 

4258 

68121 

October 

2307 

3570 

1816 

3844 

25 

16-3 

4250 

68104 

November 

2305 

3566 

1813 

3840 

25 

16-8 

4246 

68099 

Mean 

2291 

3552 

1801 

.3824 

25 

13-6 

4227 

68146 

Midwinter^ 1911 

2281 

3536 

1794 

3806 

25 

14-0 

4208 

68141 

1912 

2297 

3573 

1804 

3845 

25 

8-5 

4248 

68102 

Equinox, 1911 

2282 

3536 

1794 

3806 

25 

14*4 

4208 

68255 

1912 

2303 

3567 

1811 

3840 

26 

14-8 

4245 

68056 

Midsummer, 1911-12 

2296 

3662 

1804 

3834 

26 

12*1 

4237 

68077 
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From the curve measurements we obtain directly the mean values of Fj', S' and V. 
These appear in Table VIIa along with the corresponding calculated values of E, S, D 
and H. 

The means in the sixth line from the foot of Table VIIa are derived from the 
22 months. The means in the five lowest lines refer to the same seasons as the corre- 
sponding data in liable IV. 

As results for D and H appear in both tables it is expedient to consider them first. 
In the case of D there cannot be said to be any close parallelism between either of the 
two sets of results in Table IV and the corresponding results in Table VIIa. The mid- 
winter results in Table VIIa and the uncorrected midwinter results in Table IV both 
show a considerable decline of D in 1912. But the corrected midwinter results in Table 
IV show a difference between the two years in the opposite direction, and the differences 
between 1911 and 1912 shown by all three sets of equinoctial values are small. Thus 
no safe conclusion can be drawn as to the secular change. In the case of H it seems 
to be otherwise, the following being the values obtained for the year’s increase from 
1911 to 1912. 



From Table IV. 

From 

Table VIU. 


Uacorrocted valuoH. 

Corroctocl values. 


y 

y 

y 

Midwinter data 

-1- 33 

+ 44. 

-1- 40 

Equinoctial data 

-1-15 

+ 30 

-1- 37 


The individual monthly values of H in both tables show irregularities. But in 
the cases of Table VIIa and the corrected data of Table IV these arc little if at 
all larger than the irregularities ordinarily encountered at European stations, and there 
is an obvious tendency in the value to rise. 

One of the most exceptional features in the results obtained in 1902-03 was the 
appearance of a large annual inequality.* In the present notation the following 
results were obtained - 




D. 

H. 

midwinter value 

. . 27“ 

23' -5 

6082>' 

midsummer value 

.. 27“ 

9'-7 

0436y 

Blxcess of midwinter value 


13'-8 

246y 


These values were obtained when the curves had their base line values assigned 
month by month from the observations of the particular month. The base line values 
thus obtained for D varied largely, whereas there was no a priori reason to expect any 


* National Antarctic Expedition, 1 £01-04. Magnetic Observations, p. 82. 
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but the smallest change. In view of this and other suspicious features the only con- 
clusion drawn was as follows : “ It is, perhaps, unwise to say more than that it is desirable 
that the attention of the observers of the next Antarctic Expedition should be called 
to the importance of making a careful study of the annual inequality. If an inequality 
with a range of the order suggested by Table VIII (i.e., the results just quoted) should 
be established, it would be a most important result, strongly suggestive of an annual 
oscillation in the position of the S. magnetic pole.” 

If we compare the midsummer values in Tables IV and VITa with the corresponding 
means from the midwinter values of 1911 and 1912 we get midsummer and midwinter 
values answering to the common epoch January 1, 1912. The values thus obtained 
are as follows : — 


Season. 

From Table IV. 

From Table VIIa. 

Uncorrectcd values. 

Corrected values. 

n 

n 

D 

H 

D 

H 


0 f 

y 

0 / 

y 

o / 

y 

Midwinter 

25 17-1 

4244 

26 4-7 

4226 

16 11-3 

4228 

Midsummer 

26 30-5 

4291 

26 11-8 

4247 

15 12-1 

4237 

Excess in Midwinter 

-13-4 

-47 

-7-1 

-22 

-0-8 

-9 


The sign is in each case the opposite of that observed in 1902-03. Also the differences 
between midwinter and midsummer derived from Table VIIa — to which most weight 
would naturally be attached — are too small to rely on, and they might well be accidental. 
We thus seem driven to the conclusion that the large difference between midwinter 
and midsummer D and H values, especially the latter, observed in 1902-03 was not a 
real natural phenomenon. It is far too large a difference to be ascribed to any change 
in the unifilar magnetometer. The most probable explanation would seem to be 
movement of iron or other magnetic material in the immediate neighbourhood of the 
absolute hut. 

Returning to our discussion of Tables IV and VIIa it will be seen that both the 
midwinter and the equinoctial values of I in Table IV suggest that a fall was in progress 
at a rate of about 2^-' per annum. A rise in H and fall in I would be consistent with a 
movement of the S. magnetic pole away from Cape Evans, i.c., in a N.W. direction. 

The monthly and seasonal values in Table VIIa agree in indicating a rise in progress 
in both E' and S', and in both E and S. The annual increase would seem to be larger 
in S than m E. It is obvious that no conclusion can safely be drawn as to change in V. 

Section 15. — As will be explained more fully in connection with the diurnal 
inequalities, data were derived not merely from all days of complete registration within 
the month, but also from certain groxips of selected days. There were three such groups 


44 




of days. In eacli month 10 days — reduced to 6 in November, 1912, owing to scarcity 
of days — were selected as specially quiet, and diurnal inequalities were calculated for 
them month by month. In their case, as with the ordinary inequalities, “ day ” meant 
a period of 24 hours commencing at 0 h. in the time of 180° E. There were two other 
groups of days commencing at Greenwich midnight. The first group consisted of the 
international quiet days, five a month, selected at De Bilt. The second consisted of 
the five days a month which according to the international “ character ” figures issued 
from De Bilt were the most disturbed days of the month. As we shall see later, these 
two groups of days proved good representatives of quiet conditions and of highly dis- 
turbed conditions in the Antarctic. Diurnal inequalities based on them were not got 
out for individual months, but for the three seasons, midwinter, equinox and midsummer. 
The process of getting out the diurnal inequalities involved the calculation of the corre- 
sponding mean values. Thus mean values were obtained for each month from the 
10 quieter days, and for each of the three seasons for the five international quiet days 
and the five highly disturbed days. The algebraic excess of these three sets of means 
over the all-day mean appears in Table VIIb for E', S' and V. In the case of the 10 


Table VIIb. — A lgebraic Excess of Mean Value from Quiet and Disturbed Days over 

All Day Mean. 


ScaBou. 

E' 


V 

r,g 

10 q 

5 d 

> 

5 7 

10 7 

5 d 

5 -/ 

10 7 

5 d 


y 

y 

y 

y 

y 

y 

y 

y 

y 

Midwinter, 1911 

-b3 

+1 

-3 


-..2 

0 

-iO 


+10 

1912 

+2 

+2 

-4 

-2 

--2 

-l-s 

- 1 


-1-16 

Equinox, 1911 

4-2 

-|-3 

-7 

-3 

-6 

+7 

-- 9 

-^.8 

+22 

„ 1912 

+1 

+2 

-6 

0 

-1 

+2 

- ■ 2 

-2 

+ 6 

Midsummer, 1911-12 

+7 

0 

-7 

-() 

-4 

-4 

- 6 

-1 

+ 8 

Mean 

+3-0 

+1-7 

~-6-4 

T24)'1 

'TaTo'l 

+1-6 

— 5-4 

-4-5 

+12-4 


quieter days the figure appearing in the table for any particular season is the arithmetic 
mean of the figures from the four included months. The means in the last line represeiit 
in the case of the 10 quieter days the arithmetic mean of the figures for the whole 22 
months. In the case of the five quiet and five disturbed days they are means from the 
seasonal values. Except in the last line the results are given only to the nearest ly. 

There is obviously a decided difference between the quiet day and disturbed day 
means. They differ from the all-day means in opposite directions. The difference is 
especially large in the case of V. The differences, however, are not in the same direction 
in the different elements. The disturbed day mean is the larger in V and S', but the 
smaller in E'. 

Taking the results in the last line of Table VIIb we get for the algebraic excess 
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of tlie mean value of tie element from the species of day indicated over the mean value 
derived from all days of the month the following values 


— 

E 

s 

D 

H 

6 international quiet days 

10 Antarctic quiet days 

5 international disturbed days 

y 

H-3-2 

-I-1-9 

-6-6 

Y 

- 1-6 
-1-8 
-f-0-9 

r 

+ 2*9 
4-2-0 
--4-4 

y 

0-0 
-~0-8 
- 1-6 


In the case of D, ly represents 0^*8 in angular measure. Here the -|- sign in D 
means a larger angle between the needle and astronomical South. 

These results differ notably from those shown at stations in temperate latitudes, 
A difference is usually found between all-day means and either (][uiet day or disturbed 
day means, but H is the element in which the difference is usually mofet decided, and 
it is usually very small in D. It is usual for the quiet day H mean to be in excess of 
the all day mean. In the case of the international quiet days the average excess at 
Kew and Greenwich is about +3y. On the other hand, the mean declination for the 
average international quiet day between 1890 and 1900 at Kew differed from the all day 
mean by only O'- 02. 

Section 16. The magnetographs, as has been already explained, came into operation 
at the beginning of February, 1911, but the records obtained in the earlier days of that 
month were only partly successful. It was an exceptionally disturbed period, and the 
curves from the different elements crossed and recrossed to such an extent that it was 
impossible to say with certainty to which element particular portions of trace belonged. 
After a Httle, this difficulty was surmounted by Dr. Simpson. The positions of”the 
dots of light from the three instruments were adjusted to reduce the intercrossing of 
traces to a minimum without bringing any one dot unduly near either margin of the 
sheet. Also by slight manipulation of the light and focussing arrangements, sufficient 
difference was introduced between the appearance of the different traces to enable the 
element to be identified with certainty, even when considerable intercrossing occurred. 
After February 10 there were not many days during 1911 for which a practically com- 
plete record was not available. The magnetographs remained in action until the end 
of November, 1912, but failure of the trace was more frequent towards the end of the 
period, especially during the last month. 

At an early stage of the reduction work it was decided to have at least two sets 
of diurnal inequalities, as in 1902-04, the first based on aU days, quiet or disturbed, during 
which the record was complete, the second on selected quiet days only. A day was 
considered complete if only a small break intervened which could satisfactorily be 
bridged over by interpolation or otherwise. The same quiet days were used for all the 
elements. These numbered 10 in each month except November, 1912, when only six 
comparatively quiet days were available. Few of these selected days, except those 
occurring near midwinter, would have been considered quiet at a European station. 
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They represented simply the 10 days in each month which appeared most free from 
irregnlar oscillations. In most months some difficulty was experienced in filling the 
last two or three places in the quiet day list, several days appearing much on a par. 
In such a case preference was given to days imtnediately preceding or succeeding the 
most conspicuously quiet days, rather than to an isolated quiet day. The object was 
to reduce to a minimum the uncertainties connected with the n.c. (non-cyclic) daily 
changes. 

Table VIITa contains a complete list of what we may call for brevity the monthly 
" 10 quieter days.” These, it should be remembered, are days of 180° E. longitude, 
i.e., periods of 24 hours commencing 12 hours earlier than the Greenwich day, bearing 
the same number. In their selection no attention was paid to anything but the amount 
of disturbance prevailing in the Antarctic. 


Table VIIIa. — The 10 Quieter Days a Month (of 180° E.). 


1911. 











February 

10 

11 

12 

13 

17 

18 

19 

20 

21 

25 

March 

3 

7 

10 

11 

13 

in 

17 

18 

19 

31 

April 

1 

4 

5 

0 

7 

in 

l(i 

26 

27 

30 

May 

3 

4 

5 

6 

9 

13 

14 

2n 

29 

30 

June ... ... 

4 

9 

10 

17 

18 

1!) 

2 n 

26 

27 

30 

July 

4 

() 

14 

15 

10 

21 

23 

24 

26 

27 

August 

8 

9 

10 

11 

12 

19 

21 

22 

29 

30 

September 

3 

•1 

0 

8 

9 

in 

2 n 

26 

28 

2<) 

October 

1 

4 

5 

0 

10 

i() 

28 

29 

30 

31 

November 

2 

7 

8 

11 

18 

19 

22 

2 n 

27 

29 

December 

5 

8 

9 

10 

10 

22 

24 

2n 

29 

30 

1912. 











January 

4 

7 

9 

11 

10 

21 

24 

26 

27 

30 

February 

5 

() 

7 

9 

14 

l(i 

20 

21 

22 

23 

March 

3 

5 

12 

14 

17 

18 

19 

20 

28 

31 

April 

1 

2 

9 

14 

21 

23 

24 

25 

26 

28 

May 

11 

10 

18 

19 

21 

22 

23 

24 

26 

27 

June 

4 

6 

13 

14 

18 

19 

20 

21 

22 

23 

July 

10 

11 

12 

13 

14 

in 

19 

22 

24 

25 

August 

2 

4 

f) 

8 

9 

12 

13 

16 

20 

20 

September 

2 

3 

7 

10 


21 

26 

28 

29 

30 

October 


0 

7 

19 

20 

22 

24 

26 

30 

31 

November 

i 

3 

4 

5 

8 

13 

— 

— 

— M- 

— 


The other two sets of selected days are given in Table VIIIb. Both sets arc 
Greenwich days, and in their selection no attention whatever was paid to the Antarctic 
curves. With the exception of seven days, to which asterisks are attached, the quiet 
days in Table VIIIb are the international q\xiet days selected at De Bilt. Amongst the 
100 international quiet days of tHe 20 months there were seven for which the Antarctic 
records were wholly or partly lacking. The seven days thus ruled out were replaced 
by the seven distinguished by asterisks. These were chosen solely by regard to the 
international " character ” figures. The days substituted in April, July, and September, 
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Table VIIIb. — T he Selected Quiet and Disturbed Days (G.M.T.) 



International quiet days. 

Days of largest “ character ” t 

guro. 

1911. 











March 

10 

11 

12 

17 

18 

20 

21 

23 

25 

26 

April 

6 

6* 

14 

16 

26 

8 

9 

16 

17 

30 

May 

1 

4 

13 

22 

24 

7 

14 

15 

16 

31 

June 

3 

17 

18 

19 

25 

1 

9 

13 

14 

21 

July 

13 

14 

15 

26* 

26 

1 

17 

19 

28 

29 

August 

7 

8 

10 

11 

29 

19 

23 

24 

25 

26 

September 

3 

4 * 

14 

25 

26 

16 

20 

21 

22 

23 

October 

1 

6 

16 

23 

28 

10 

11 

17 

18 

19 

November 

1 

•• 7 

18* 

22 

24 

8 

9 

13 

14 

15 

December 

2 

9 

21 

22 

23 

6 

11 

17 

26 

31 

1912. 











January 

2 

16 

16 

26 

27 

11 

12 

13 

17 

22 

February 

6 

6 

15 

20 

21 

10 

12 

13 

16 

23 

March 

4 

17 

18 

19 

24 

7 

8 

9 

21 

29 

April 

1 

8 

11 

21 

28 

5 

6 

10 

15 

16 

May 

1 

16 

22 

23 

26 

5 

6 

12 

13 

14 

June 

4* 

13* 

18* 

19 

20 

1 

8 

9 

10 

28 

July 

10 

11 

12 

15 

24 

3 

4 

5 

27 

31 

August ... 

4 

8 

12 

13 

26 

17 

18 

19 

22 

23 

September 

2 

15 

16 

27 

28 

4 

17 

18 

23 

24 

October 

2 

6 

18 

19 

1 ” 

13 

14 

15 

16 

17 


1911, and one of the days substituted in June, 1912, had identically the same “ character ” 
figure as the international quiet days which they replaced. The “ character ” figures 
on the remaining three days exceeded those on the international quiet days for which 
they were substituted only by 0*1, 0*1 and 0*2 respectively. Thus while the term 
“ international quiet day ” is not an absolutely perfect description of the selected quiet 
days in Table VIIIb, it is correct for all practical purposes. 

The disturbed days in Table VIIIb are the five days a month with the largest inter- 
national “ character ” figures. Just as with the quiet days, there were a few of the 
days thus selected for which the Antarctic records were imperfect. In such a case the 
day of the month having the next highest “ character ” figure was substituted. These 
substituted days have not been distinguished individually, because there was no selection 
at De Bilt of five disturbed davs a month for 1911 and 1912, so that none of the selected 
disturbed days in Table VIIIb can claim to be officially selected. 

In the meantime it must be taken for granted that the international “ character ” 
figures — based on returns from observatories the great majority of which are in the 
northern hemisphere — areally serve to discriminate between quiet, ordinary and 
disturbed conditions in the Antarctic. The evidence bearing on the point will be found 
in Chapter VII. 

The non-cyclic change, i.e., the excess of the value of an element derived from the 
mean value of the ordinate for 24 h. over the corresponding mean for Oh., may arise 
in a variety of ways. If we are dealing with all days of a month of 30 days, the n.c. 
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change represents one-thirtieth of the excess of the ordinate for the last midnight of 
the month over that for the first midnight. This excess may be due to a short dis- 
turbance, affecting either the first or the last midnight, whose incidence we must regard 
as largely accidental. It may represent a real secular change. If, for instance, H is 
increasing at the rate of 120/ in a year, the rise in the average month will be lOy, and 
the corresponding n.c. change in the average day -j-O-Sy. It may arise, however, 
from an instrumental drift affecting the base line value. This can be distinguished from 
a true secular change, or annual inequality, only with the aid of the absolute observations. 

When we are dealing not with all the days of a month but only with selected 
days, n.c. change may arise in all the ways indicated above, but it may also arise from 
some special peculia.rity in the type of day selected. Thus it has been found at a 
number of stations that on quiet days there is a special tendency for H to increase. 
At Kew, for instance, there is in the average quiet day a rise of about 3y. 

The n.c. element is usually eliminated in the way that has been adopted here, which 
assumes the change to have come in at a uniform rate throughout the 24 hours. I'his 


Table IXa. — Non-cyclic Changes. 


Month. 

E' 

S' 

V 

All (lays.*. 

Quiet dayri. 

All (layH. 

Quiet (layf^. 

All (lays. 

Quiet (layn. 

1911. 

y 

y 

7 

7 

7 

7 

February 

- 2-8 

^ ].7 

—3*6 

-ll-o 


5*5 

March 

- 0-6 

-1- 5-0 

-fl-.S 

... 7-1 

- 0*1 

]■ 4-3 • 

A pril 

- 1 - 0*2 

- ‘M 

-1-0-4 

-f- 4-5 

■1-3-5 

t- l-f) 

May 

+ 0*8 

+ 2*6 

-4*3 

().7 

+0*9 

t- 0-9 

June 

- 0*1 

- 1*1 

- 1-1 -.0 

-h 0-4 

+0*5 

-■ M 

July 

-0*5 

-- 1*3 

-hO-T) 

-h !•() 

^0*3 

-- 7-1 

Auf^uflt 

0*0 

+ 1*9 

.-.. 0*8 

-1- 0-3 


- 0-4 

Heptember 

+0*3 

- 1 - 1-2 

--1*3 

-f- .5-2 

-bO-4 

- 5*2 

October ... 

- 0*1 

-b 2*9 

-■ 0*1 

-- 6*5 

-[-()• 4 

4- 0*7 

November 

- 1*0 

+ 7*7 

-l-l-o 

-t- 4-4 

-(- 0-6 

-12-9 

Decein])er 

- 0*0 

+ 3*6 

•fO -1 

— 4*9 

+ 0*8 

.p 7.7 

1912, 







January 

- 0*1 

+ 13*4: 

-l-O-Tj 

-- 0*1 

--0-7 

-2-4 

February ... 

+ 0-6 

„ O-l 

-5-5 

-f- 3-1 

-0*3 

--5-7 

March 

- 1-0 -2 

•+• 1-0 

-+■1-4 

- 0-8 

4 0*8 

-0-5 

April 

-1-0-3 

- 7-9 

-1-3 

-f 1-9 

+1*3 

-7-4 

May 

-0-5 

+ 2-9 

-1-0-7 

-i- 1-9 

+ 1*0 

-3-5 

June 

-fO-l 

- 0-4 

-K )-8 

-f 2-4 

+ 0*8 

- 0-9 

July 

-0-3 

+ 1-7 

- 1 - 0 -6 

-H 2-0 

+ 0*2 

--1-4 

August 

H-0-3 

-i- 4-1 

-HO -6 

+ 0-8 

-1*3 

-3-3 

September 

-O-l 

+ 0-3 

- 0-2 

-f 4-3 

+0*5 

-1-7 

October 

~ 0-2 

-f 0-3 

-fl-4 

- l-O 

-2*7 

-3-3 

November 

-7-6 

+ 0-1 

-H6-3 

-f 4-2 

-9*9 

-1-7 

Means from 21 months ... 

- 0-2 

-t- 1-5 

-0-4 

- 0-4 

-t-O-2 

- 2-2 

Number of months + ... 

8 

15 

14 

14 

13 

5 

>9 ••• 

13 

7 

8 

8 

9 

17 


obviously should eliminate a uniform secular change or instrumental drift. But the 
consequences of the n.o. correction in individual months are necessarily uncertain. This 
makes it all the more desirable that the n.c. corrections should be indicated. This has 
accordingly been done in Table IXa, both for the all-day inequalities and for the 
inequalities derived from the 10 quieter days. In obtaining the mean values given at 
the foot of the table November, 1912, vras omitted, because the number of days available 
was small, so that accident might be expected to play a larger part than usual. 

The fluctuation in the magnitude and even in the sign of the results for consecutive 
months in Table IXa suggests that accidental causes play a large part. In the case 
of aU days the final mean results are all small. This is undoubtedly a satisfactory 
feature, implying as it probably does that there was no large drift in any of the instru- 
ments. In the case of S' the mean results from all and from quiet days are identical, 
and we should naturally infer that quiet days have no special tendency to an n.c. change 
of one definite sign. In the case of B' and V there is a decided though not very large 
difference between the all day and quiet day means. The natural inference from the 
figures is that on quiet days there is a special tendency for E' to rise and V to fall. 

As already explained in connection with daily mean values, inequalities were got 
out for the five international quiet days of each month and the five days having the 
largest “ character ” figures in the De Bilt monthly lists. These inequalities were 
confined, however, to the three seasons, midwinter, equinox and midsummer. 

Table TXb gives the n.c. change for these two groups of days under the respective 
headings 5q {i.e. quiet) and 5d {i.e. disturbed). For comparison, corresponding n.c. 
changes are given for all days and the 10 days selected as quiet from inspection of the 


Table IXb. — ^Mean Values of Non-cyclic Change. 




E 

f 



S' 



V 


Season. 










10 q 


5 <1 



5q 

10 q 

a 

5d 

5q 

10 q 

a 

ad 

5q 

a 

Midwinter — 












+8*4 

1911 

-flO-0 

4-0-5 

0-0 

-12-0 

-8-9 

-1-8 

-0-8 

+13-0 

—0-5 

-1-9 

+0-1 

1912 

4- 0-2 

-f2-l 

-0-1 

+ 6-1 ' 

+0-7 

+1-8 

+0*7 

- 3-4 

-1-0 

-2*3 

+0*2 

+3*7 

Equinox — 









-1-2 

+0*3 

+1*0 

+8*8 

1911 

4- 7-7 

4-1-2 

0-0 

+10-6 

-3*5 

-1-0 

+0*2 

+ 7-3 

1912 

4- 1-4 

—1-6 

0-0 

+ 0-2 

-1*5 

+M 

+0*3 

+ 2-4 

-0-5 

-3-2 

0*0 

+2*7 

Midsuimner — 












1911-12 ... 

4- 3-0 

+6-2 

-0-3 

- 2-1 

-0*2 

+0-6 

-1*0 

+ 3-6 

+1-0 

-3*3 

+0*1 

^4*2 


Antarctic curves. These appear respectively under the headings a (for all) and 10 q. 
The figures appearing for any element under the several headings 5q, 10 g', a and 5d 
naturafiy answer to a gradually increasing amount of disturbance. Thus in any case 
where the n.c. change is not of an accidental or instrumental character, but is essentially 
dependent on the magnetic character of the day, we should expect to see a systematic 
change in the figure as we pass from the column headed 6 2 to that headed 5 d. 
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In the case of E' the figures from the two years 1911 and 1912 and from the three 
seasons differ so much that accident must be allowed to play a large part in the results 
for the five quiet and five disturbed days. It seems fairly clear, however, that on the 
international quiet days there is a decided tendency in the n.c. change to be positive, 
The mean from the five seasons + 4-5y is substantially larger than the corresponding 
mean from the 10 17 days, while the mean from the a days is slightly negative as in 
Table IXa. 

In the case of S' four seasons out of the five make the n.c. change negative for the 
5 q days and positive for the 5 d days, and the means from the five seasons, viz. —2-7'y 
in the one case and + 4-6y in the other, seem fairly decisive. 

Similarly in the case of V four seasons give a negative value for the 5 q days and 
a positive value for the 5 d days, and the respective means from the five seasons are 
— 0‘4y and -1- 3-9y. 

Comparing Tables IXb and VIIb we should infer that there is a tendency for the 
n.c. change to be positive or negative according as the mean value from the type of 
day concerned is greater or less than the all-day mean. 

Section 17. — Tables X, XT, XII and XIII, pp. 68 to 71, give diurnal inequalities for E', 
t.e., the component of horizontal force inclined T 36' South of Astronomical East. The 
time is that of 180° E., and so 54|- minutes in advance of true local mean time. Tables X 
and XI give the “ all ” day, and Tables XII and XIII the " quiet ” day inequalities. 
Table X gives inequalities for each individual month from February, 1911, to November, 
1912. This period included only one December and one January, with two representa- 
tives of each of the other 10 months. Table XI gives the arithmetic mcai\s of the 
results for the 10 pairs of months, and ascribes to January and December the values 
already given in the previous table for January, 1912, and December, 1911. As these 
two months came near the middle of the period, the absence of a second January and 
December is less serious than would otherwise have been the case. The last four lines 
of Table XI give under the headings year, winter, equinox and summer the mean 
inequalities derived respectively from the whole 12 months — ^the four months May to 
August, the four months March, April, September and October, and finally the four 
months November, December, January and E’ebruary. The sun was continuously 
below the horizon during nearly the whole of " winter,” and continuously above the 
horizon during nearly the whole of “ summer.” Thus the division of the year into 
three seasons — on the whole a very convenient arrangement even in temperate 
latitudes — has special points in its favour. 'The algebraically highest and lowest 
hourly values in each inequality are in heavy type, and the corresponding range appears 
in the table. A final column in each case gives the A.D. (average departure from the 
mean), i.e., the arithmetic mean of the 24 hourly differences forming the inequality 
taken irrespeetive of sign. Tables XII and XIII for the quiet days correspond 
respectively with Tables X and XI for all days. 

The next four Tables XIV, XV, XVI and XVII, pp. 72 to 76, relate to S', i.e., 
the component of horizontal force inclined 7° 36' West of Astronomical South. It 
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might have been more orthodox to have regarded the positive direction of this 
element as T 36' East of North. But the perhaps greater orthodoxy of this view 
seemed more than counterbalanced by the convenience of attaching the + sign to a 
numerical increase of the element. 

Tables XIV and XV for the “ all ” days S' inequalities correspond exactly with 
Tables X and XI for E', and similarly Tables XVI and XVII for the “ quiet ” day 
S' inequalities correspond with Tables XII and XIII for E'. 

The next four Tables XVIII, XIX, XX and XXI, pp. 76 to 79, relate to the 
vertical force V. Here, too, the + sign denotes a numerical (as well as algebraic) excess 
above the mean value for the day, the downward direction being taken as positive for 
the dipping pole (in this case, however, a south pole). Tables XVIII and XIX refer 
to the “ aU ” day. Tables XX and XXI to the “ quiet ” day inequalities. 

As Tables X, XII, XIV, XVI, XVIII and XX are the only ones giving inequalities 
for the individual 22 months during which registration took place, it is desirable before 
considering the further inequality tables to draw attention to one feature they all disclose . 

If we compare the results from corresponding months in 1911 and 1912 we notice 
a marked tendency for the values of the range and A.D. to be greater in 1911 than in 
1912. In the case of E' and S' this greater amplitude in 1911 is especially prominent 
in February. The decline in amplitude would seem to have been especially character- 
istic of the earlier months of 1911. If we had had data for January, 1911, for 
combination with those of January, 1912, in Tables XI and XV there is every reason 
to suppose that the relative amplitudes of the inequalities for the months of January 
and February would have been considerably different from those actually found. We 
must thus regard the prominence of February in these tables as compared with January 
and December as probably in part at least an accidental feature, which would likely 
disappear if data were available from a large number of years. 

The reduction in the amplitude of magnetic changes, irregular as well as regular, 
from 1911 to 1912 was by no means peculiar to the Antarctic. It represented 
presumably the normal consequences of an approach to the period of sunspot minimum. 

Section 18. — The diurnal variations for E', S' and V formed the material from 
which the other diurnal inequalities were calculated. Employing dE to denote the 
departure of E (the component to Astronomical East) at any hour from the mean value 
for the day, and similarly for the other elements, we have 

^E = zlE'cos(7°36') — ^S'sin(7°36') = 0-991 ^E' — 0-132 /IS' . (9), 

.dS= /lS'cos(7°36')4- ^F/sin(7°36') = 0-991 ZlS'-f-0-132/lE' • (10). 

For the mean position of the magnetic meridian we may take 25° 20' East of true 
South, or 32° 56' East of the direction to which S' refers. Thus we have for the 
calculation of the D* and H inequalities 

dD = (1/H){/1S' sin (32° 56') - .dE' cos (32° 56')} . . (ll), 

/1H= /IS' cos (32° 56') 4- JE' sin (32° 56') . . (12). 

* In (11) and (11') and in the inequalities D is supposed measuied, from Astronomical North through 
East and so diminishes when the angle in Tables IV and VIIIa increases. 
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Accepting -0426 C.G.S. as a sufficiently approximate value for H (in the hut), 
we thence find— AD being in minutes of arc, AH, AB' and AS' having ly for unit— 

AD = 0-439 AS' — 0-677 AE' . . . . (11'), 

All = 0-839 AS' + 0-544 AE' .... (12'). 

If I denote the inclination, and 'J' total force, we have 

AI =|sin2l(AV/V-AH/H) .... (13), 
AT== cosi AH-hsinI AV .... (14). 

'J’he corresponding numerical relations, with A I in minutes of arc, are 

AI =: 0-00315 AV- 0-0503 AH . . . . (13'), 

at = 0-063 AH -I- 0-998 AV . . . . (14'). 

The inequalities calculated for E, S, D, H, I and T refer only to the mean results 
from the two years. They are included in the 12 'Tables XXII to XXXI H, pp. 80 to 91 , 
results being given for the 10 quiet days a month (20 days in the normal combined 
month of the two years) as well as for all complete days. 

The time employed in these tables is the same as for the previous tables, i.e,, refers 
to 180° B. 'Thus 12 h., for instance, anticipates true noon by some 54 minutes. 

Section 19. — 'The enormous difference disclosed by the tables already enumerated 
between the all day and quieter day inequalities suggested an inter-comparison of 
days of still greater and less disturbance. I’o ensure that the choice made would be 
recognised as representative and unprejudiced, recourse was had to the international 
lists issued from De Bilt. "Character” figures from 0-0 to 2-0 arc there assigned 
to individual days, 0-0 representing the quietest and 2-0 the most disturbed of 
conditions. Five of the quietest days of each month are selected at De Bilt as 
representative quiet days, and these have been employed for the diurnal inequalities 
given in 'rable XXXIV, p. 92. As opposed to these the five days of largest “ character ” 
figure in the De Bilt lists were accepted as representative of disturbed conditions. 
'The diurnal inequalities derived from these are given in 'Table XXXV, p. 92. A few of 
the international quiet days and of the days of largest international “ character ” figures 
did not possess complete traces. In the former case the days of next lowest “ character ” 
figure in the De Bilt list, and in the latter case the days of next highest " character ” 
figure were substituted, as it seemed desirable to have in each month not less than 
five days of each kind. Only seasonal diurnal inequalities were calculated. 'Phe 
diurnal inequalities for winter and equinox are each based on 5 X 4 or 20 days from 
both 1911 and 1912, or 4.0 days in all ; but the summer inequalities are based on only 
20 days, derived from November and December, 1911, and January and February, 
1912. The international lists refer to days beginning and ending at Greenwich 
midnight. 'Thus the days employed in 'Tables XXXIV and XXXV were Greenwich 
days, and G.M.'T. has accordingly been employed in these tables. In any comparison 
with the other inequalities Ih. G.M.T. must be taken as equivalent to 13 h. of the 
time of 180° E. 
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Section 20.— Plates I to VI show side by side on the same scale the dinmal 
inequalities derived from all complete days and from the 10 quieter days, for the 12 
months in E, S, D, I, H and V. Corresponding diurnal inequalities for the three 
seasons and the year are given in Plates VII, VIII and IX. The diurnal inequalities 
for total force from aU and the 10 quieter days in Plate X are limited to the three 
seasons and the year. The inequalities of the horizontal components for the seasons 
and the year from aU and the 10 quieter days are shown as vector diagrams in Plate XI, 
the corresponding all day and quieter day diagrams being drawn from a common 
origin. Plate XI also shows vector diagrams for the whole year from all and the 
10 quieter days in two vertical planes, respectively in and perpendicular to the 
geographical meridian. The time employed in Plates I to XI is the same as in the 
corresponding inequality tables, i.e., is the time of 180° E. 

The diurnal inequalities from the five international quiet days and the five days 
of largest international “ character ” figure for the three seasons and the year appear 
side by side in Plates XII and XIII. Plate XIV gives vector diagrams for these two 
sets of days, corresponding quiet and disturbed day diagrams having a common origin. 
The four upper pairs of diagrams refer to the horizontal plane and include the three 
seasons as weU as the year. The two lower pairs of diagrams, dealing with the forces 
in the two fundamental vertical planes, are confined to the year. The time used in 
Plates XII, XIII and XIV is G.M.T., just as in the corresponding tables. 

In all cases the scale of force or of angular measurement is shown. At the same 
time the curves and diagrams are primarily intended to give merely a general idea of 
the phenomena. For any exact numerical purpose recourse should be had to the 
tables. 

The 12 Tables X to XXI dealing with E', S' and V are in one respect exposed 
to less uncertainty than the others. A 20 per cent, error, for example, in the scale 
value assigned to the S' instrument would be without effect on the E' and V inequalities, 
and would simply introduce a 20 per cent, error into each hourly value in Tables XIV 
to XVII, leaving the times of maximum and minimum and the general character of the 
diurnal inequality unaltered. It would, however, afiect differently each hourly values 
of the E, S, D, I and T inequalities, according to the extent to which the value in 
question depended on dS'. 

As already stated, the S' magnetograph showed some changes of scale value prior to 
August, 1911, and the V magnetograph showed minor changes at a somewhat uncertain 
date, the exact time and cause of the changes not being fully ascertained in either 
case, E' is thus undoubtedly the element which gives the most reliable ioformation as 
to the changes during 1911 and 1912 in the amplitude of the forces to which the diurnal 
inequality is due. It must, at the same time, be remembered that the amplitude of the 
diurnal inequality in the Antarctic is largely dependent on the amount of disturbance 
present. Thus a specially large diurnal range in the inequality from aU days for a 
particular month may only mean an exceptional proportion of highly disturbed days. 
If, however, the range from the 10 quieter days is also exceptionally large, it is reasonable 
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to suppose that the phenomenon is at least partly due to an all round enhancement of 
the diurnal inequality forces. 

If we compare corresponding months of 1911 and 1912 in Tables X and XII we 
find that the ranges and A.D.’s in 1911 were invariably larger than those in 1912. This 
was especially so in the case of the 10 quieter days, the ranges for February, April, 
May and July, 1911, being more than double those for the corresponding months of 
1912. Wolfer’s sunspot frequencies were 5-6 for 1911 and 3-6 for 1912, so that a slight 
excess in amplitude in the former year would be natural, but the excess actually shown is 
quite out of proportion with that shown in temperate regions. The great difference 
between the two years introduces some uncertainty into any inferences we may draw 
as to seasonal variation in the amplitude of the diurnal inequality. It is undoubtedly 
largest near midsummer and least near midwinter, but the months in which the 
maximum and minimum naturally occur cannot safely be deduced. The outstanding 
amplitude in February, 1911, is undoubtedly largely due to the exceptionally 
disturbed character of that month. This applies to the quieter days as well as the 
all days inequalities, because owing to the restricted number of days on which, the trace 
was complete and decipherable, the choice of quieter days was very restricted. 

The ranges in the S' inequalities in Tables XIV and XVI also show a conspicuously 
larger amplitude in 1911 than in 191*2. The only case in which the 1912 range exceeds 
the 1911 range is the quieter day inequality for October, and even in that month the 
A.D. is decidedly greater in 1911 than in 1912. 

The excess of the 1911 over the 1912 ranges is also in general clearly apparent in V, 
but the excess is by no means so marked as in the case of the horizontal cotnponents. 
There are, however, only two exceptions to the general rule, viz., Novem])er in the case 
of the all day inequalities, and October in the case of the quieter day inequalities. In 
the latter case the excess in 1912 extends to the A.D. 

The general parallelism between the variations of range and of A.D. shown by E' 
and S' encourages the hope that the settlement of scale values for the latter element 
was satisfactory. 

Intercomparison of the inequalities for the three seasons in Tables XI, XITI, XV, 
XVIT, XIX and XXI shows at once that the type of the diurnal inequality varies but 
little throughout the year, the differences being mainly a matter of amplitude. We 
thus infer that the differences between successive months in 'Tables X to XX I as regards 
the times of maximum and minimum represent in the main accidental effects of 
disturbance. In this respect the much less average disturbance of the 10 selected quiet 
days seems neutralised by the reduced elimination of what is accidental owing to the 
diminished number of days. As between the range and the A.D., the former is the more 
likely to be influenced by accidental features. At stations where the diurnal inequality 
has a large 12-hour component the A.D. is in general the better index of the activity 
of the forces to which the inequality is due, but this hardly applies to the Antarctic 
where, as we shall presently see, the 24-hour term is largely dominant. 

Section 21. — The nature of the diurnal inequality in different elements is best 



studied in connection with, the tables which give the combined results of the two year's, 
as accident enters less into these. A point to bear in mind in any comparison with 
data for other stations is the difference, 54 minutes, between the local time and that 
of 180° B. employed in aU the tables except the two which use G.M.T. 

Taking first the east component, a glance at Plate I suf&ces to show that the 
inequalities reached for the 12 months are not wholly free, especially in the summer 
months, from “ accidental ” irregularities. Obvious irregularities are much less apparent 
in the seasonal inequalities in Plate VII. Apart from irregularities there is clearly, 
the whole year round, only a single maximum and minimum, and the hours of their 
occurrence show little if any seasonal variation. Another unusual feature is the 
smallness of the difference between day and night as regards the rapidity of tlie diurnal 
changes. This peculiarity is not confined to the summer months when the sun never 
sets and the winter months when it never rises, but seems just as true of the equinoctial 
months. Bebruary has the largest range and A.D. in both Table XXII and Table 
XXIII, but this pre-eminence is not unlikely due to the fact that disturbance greatly 
diminished between February and November, 1911. June and July show decidedly 
smaller ranges and A.D.’s than the other winter months in Table XXII, but May has a 
smaller range, though a larger A.D. than either, in Table XXIII. As at most stations, 
the equinoctial months occupy a half-way house between the summer and winter iironths. 
In the case of the seasonal inequalities the range and A.D. for equinox are slightly in 
excess of those for the year in Table XXII, but slightly in defect in Table XXI II. 
The equinoctial months, in fact, by themselves give a very good idea of the average 
state of things during the year. 

The difference in amplitude between the inequalities from all days and from the 
10 quieter days is much more strildng in winter than in summer. This, no doubt, 
arises from the much greater prevalence of large disturbances at the latter season. A 
considerable number of the selected quiet days in winter would have passed as quiet 
days at most places, but the selected quiet days in summer would at the ordinary station 
have been considered somewhat highly disturbed. 

The inequality in S shows the same general features as that in E. There is only one 
maximum and minimum. The type is nearly constant throughout the year, and the 
rates of change during night and day are similar. In fact the fall from the afternoon 
maximum to the early morning minimum is usually more rapid than the rise to the 
maximuin, though it is the latter that is in progress near noon. The pre-eminence of 
February as regards range is even greater than in the case of E, and similar remarks 
apply. In Tables XXIV and XXV June gives a less range and a less A.D. than any 
other month. As with E, the dijfference as regards amplitude between all days and 
quieter days is specially conspicuous in winter. The ranges and A.D.’s in the inequality 
for equinox are again very shnilar to those in the inequality for the year. 

The amplitudes in the E and S inequalities are closely alike. If we take the all 
day seasonal inequalities we find the E ranges the larger, but the excess is only about 
1^ per cent, in summer. E has also the larger A.D., except in winter, but the excess in 
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its case is microscopic. In the case of the seasonal diurnal inequalities for the 10 quieter 
days E has the larger range, but S the larger A.D, 

As already explained, the D inequalities given in Tables XXVI and XXVII, and 
shown graphically in Plates III and VIII, have been calculated for the hut value of H. 
In these tables and figures D has been counted positive from North to East, but the 
mean value being in excess of 90° the + means movement of the N-end of the 
magnet towards West, and the maximum occurring about 11 h. — i.e., near 10 a.ra. 
L.M.T. — represents the extreme westerly position. The turning points in D occur 
usually from one to two hours later than those in E. The change in amplitude with the 
season of the year is naturally similar to that already described in E and S. H being 
about four times as large at Kew as at the Antarctic station, distvrrbing forces of given 
amplitude would cause four times as large a D range at the latter station as at the former. 
The excess in the Antarctic D ranges for the all day inequality is considerably greater 
than the difference of force would account for, and relatively considered this excess is 
greatest in winter. On the quieter days, however, the ratio of the summer to the winter 
range seems larger in the Antarctic than at Kew. 

Considered simply as angular changes, the Antarctic declination ranges appear 
enormous. A range as large as 60' occurs in this country only during a large magnetic 
storm, but in Table XXVI the range exceeds 60' in seven months out of the twelve. 
The reduced utility of the compass in high magnetic latitudes can be readily imagined. 

V in the Antarctic being some 15 times larger than H, we infer from (13) that the 
diurnal variation in I is mainly determined by that in H, 'The times of occurrence of 
the maximum and minimum in individual months in 'Tables XXVIII and XXTX vary 
irregularly. 

There is no clear difference of type between the inequalities at different seasons, 
'rhe seasonal inequalities in I in Plate VIII show only small irregularities, the maximum 
occurring aboiit 5 h. (4 a.m. L.M.'T.) and the minimum about 16 li. 'The rates of change 
in passing from the maximum to the minimum and from the minimum to the maximum 
are very similar. As with the elements already discussed, the February ranges are 
considerably the lai'gest. On the whole June shows the smallest movements. The 
all day January and November ranges in 'Table XXVIII do not show the marked excess 
over those for March and April which presented itself in the case of E, S and 1). 

'The range in the mean diurnal inequality for the year in 'Table XXVIII is some 
two and a half times as large as the corresponding I range at Kew. Its large size adds 
weight to the criticism already passed on the large uncertainty in base line values 
of V curves determined from combined absolute observations of I and H. As we see 
by reference to (13'), while a change of 1' in I can be produced by a change of 20y in 
H, it requires a change of fully 315y in V to p.oduce it. Thus if a V base line value 
were assigned on a single observation in H and one in I, it would be in error to the 
extent of lOOy if there were an observational error of 5y in H, or of O'* 3 in I. 

Tables XXX and XXXI and Plates V and IX give the diurnal variation in H. 
The H inequality shows a considerable resemblance to that in S both in type and 
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amplitude, and tlie values of the A.D. in the two elements are closely alike in most months 
and seasons. The times of occurrence of the maximum and minimum are, however, 
an hour or two later in H than in S, and the ranges for the former element are in most 
months somewhat the larger. From what has been already said as to the dependence 
of the I inequality in changes in H, it follows that the H inequality curves inverted 
should closely resemble the corresponding curves for I. On comparing Plates IV and V 
it is readily seen that such is the case. 

The V diurnal inequalities for the months, year and seasons are given in Tables 
XIX and XXI and are illustrated in Plates VI and IX. Irregularities are more in 
evidence in the V inequalities than in those of the other elements, especially during the 
morning hours. There is in particular a remarkable kink in the aU and quieter day 
curves for January, the all day curves for November and December, and the quieter day 
curves for March. A kink even appears in the inequality curve for summer, and its 
iofluence is recognisable in the inequality for the whole year. The phenomenon is 
presumably a consequence of the specially disturbed conditions which, as will appear 
later, were characteristic of the morning hours. 

The hours of maximum and minimum in V approach closely to local midnight and 
noon respectively. The seasonal variation in the amphtude of the diurnal inequality 
is much the same as in the horizontal components, and as in their case the range for the 
year from the 10 quieter days does not differ much from that for winter given by all 
days. 

As the range of the diurnal inequality in V was on the average about two-thirds of 
that in H, it is obvious from (14') that the influence of changes in H on the diurnal 
inequality in T must be insignificant. Thus we know a priori that the diurnal inequality 
in T must very closely resemble in type that in V. Only the seasonal inequalities in T 
are shown graphically, see Plate X. The close resemblance of the curves in Plate X 
to those for V in Plate IX appeals to the eye. A comparison of Tables XIX and XXI 
with Tables XXXII and XXXIII shows that with the exception of the range in J une 
from all days, the range and A.D. in every month and season, alike for all and for the 
quieter days, are a trifle larger for V than for T. 

Section 22. — Allowing for the 12-hours difference in the times used, the inequalities 
from the international quiet days in Table XXXIV and Plates XII and XIII are easily 
seen to very closely resemble those derived from the 10 quieter days. In the case of 
E and S the range and A.D. from the international quiet days are the smaller, except 
in the winter inequality in E. The excess in the values for E from the 10 quieter days 
is small, except in summer when it is considerable. It is also considerable in summer in 
S, and very appreciable in the other seasons. In the case of V the international days 
give decidedly the larger range and A.D. in summer, and slightly the larger A.D. in the 
year ; with these exceptions the international quiet day values are the smaller. It 
follows that the international quiet days selected at De Bilt from the returns of some 40 
stations, nine-tenths of which are situated in the northern hemisphere, represented 
on the whole more quiet conditions in the Antarctic than did the quiet days selected 
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from special consideration of the Antarctic curves. The phenomenon is due of course 
primarily to the smaller number of the international days. If these had been 10 a 
month instead of 6, the difference would probably have been in the other direction. 
But making every allowance for the smaller number of the international days, the result 
is a remarkable one. Disturbances special to the Antarctic must have been very few 
or very insignificant on the international quiet days. 

The highly disturbed day inequalities for winter and equinox in Table XXXV 
and the corresponding curves in Plates XII and XIII depend on the curves of 40 days, 
but the summer inequalities depend on 20 days only. The traces, especially in summer, 
were many of them disturbed to an extent rarely seen in temperate latitudes, and no 
one I think after inspecting the curves would have anticipated the smoothness shown 
by the inequalities. There are admittedly some irregularities, especially in the E 
curves about 18 h.-22 h. G.M.T. — i.e., about the time of the irregularities visible in the 
V curves in Plate VI — but the curves are very similar in smoothness to the all day seasonal 
cvuves. If we compare the corresponding inequalities in Tables XXXIV and XXXV, 
or the curves illustrating them, no difference in type catches the eye. In amplitude, 
however, the difference is immense, as will perhaps be best appreciated by consulting 
Table XXXVI, p. 94, giving the ratio borne by the range (R) and A.D. of the 6-disturbed 
day inequality to the corresponding quantity for the international quiet days. 

In E the ratio is larger for the A.D. than the range, which suggests a somewhat 
more rounded type of curve on the disturbed day. In S the ratio is on tixe whole slightly 
larger for the range. In V the ratio is in all cases identical for the range and A.D., 
suggesting great similarity of type in the inequalities. The ratio is greatest in winter 
and least in summer. This agrees with what we already found as between the all day 
inequality and that from the 10 quieter days, but the phenomenon is even more prominent 
in the present case, especially in V. In that element the ratios in summer, equinox 
and winter are to one another as 1:2:3. The comparatively small size of the ratio 
in summer for V is partly due to the small effect of disturbance in increasing the 
amplitude of the inequality, and partly to the comparatively large size of the amplitude 
on the international quiet days. When the quiet day system was first introduced, it 
seems to have been expected that the resulting inequalities would show a close agreement 
with those from all days, except in so far as accidental features due to disturbance 
affected the latter. This anticipation is exceptionally wide of the mark in the case of 
the Antarctic. In any comparison of Antarctic inequalities with others, or in any 
theoretical work in which Antarctic data are employed, the choice of days is obviously 
all important. 

The diminished amplitude on ordinary days of the inequalities in equinox and 
especially in winter as compared with smnmer suggests that direct sunlight has a potent 
influence on the phenomena. If, as is generally supposed, the inequality is due to 
electrical currents in the upper atmosphere, the influence might equally well consist in 
an increase in the electromotive forces to which the currents are due, or in a decrease 
in the electrical resistance of the atmosphere such as is produced by ionising agents, or 
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it miglit mean a lowering of the level at wHcli the currents are found. The fact that 
the inequality is increased by disturbance, and especially in winter, when direct solar 
influence is much reduced or totally absent, suggests that the presence of disturbance 
has a similar effect to that of direct sunlight. In the Antarctic on highly disturbed 
days, the influence of disturbance is of the same order as that of direct sunlight, for the 
E and S ranges in winter in Table XXXV are fully as large as the corresponding ranges 
derived from aU days in summer. 

Section 23. — As already explained, Plate XI gives vector diagrams based on the 
diurnal inequalities for all days and for the 10 quieter days a month. In the case of the 
forces in the horizontal plane there are diagrams for the three seasons as well as the 
year. The common origin for the two sets of days is at the centre of the cross on which 
the cardinal directions are shown, and each arm of the cross represents 5y. 

The points representing the 24 hours are marked in the curves, and eaclr third 
hour is numbered, according to the time of 180° E. 

The line from the origin to any hour mark indicates the direction and magnitude 
at that hour of the component in the plane of the diagram of the force system to which 
the diurnal inequality is due. Each diagram is described in the course of 24 hours, 
and the enclosed area may be regarded as a rough measure of the energy expended 
in the regular diurnal changes. 

The diagrams relating to the horizontal field are described counter-clockwise. 
It is natural to suppose that the irregularities apparent in the diagrams would disappear 
if data were available from a number of years. Even then, however, we have no reason 
to suppose that we should get a perfect circle, with the origin at the centre. If we sup- 
pose a radius vector drawn from the origin to travel with its free end on the diagram, 
the area described between 13 h. {i.e., roughly local noon) and 1 h. (local midnight) is 
in all cases visibly larger than that described between 1 h. and 13 h. ; in other words, 
the afternoon contributes more than the forenoon to the area within the diagram. 
The line joining the points answering to 4 h. and 16 h. seems very nearly to bisect the area 
in all cases. Corresponding points on the all day and quieter day diagrams lie 
approximately on the same radius vector ; the departures from co-linearity seem to 
the eye mainly accidental. Both the aU day and the quieter day summer diagrams 
have a perceptible bulge near 10 h., while the aU day diagrams for winter seems a 
little compressed between 6 h. and 11 h. Both features may, however, be accidental. 
Even if they are real, the resemblance between the winter and summer diagrams for 
the Antarctic is immensely closer than it is at ordinary European stations, in spite 
of the outstanding nature of the difference in the conditions of solar radiation at 
the two seasons in the Antarctic. 

The vector diagrams in the two vertical planes respectively in and perpendicular 
to the local meridian are confined to the whole year. In both, up the sheet answers 
to an increase in the vertical force acting on the dipping pole of the needle. There are 
very sensible irregularities presumably of an accidental character, but the all day and 
quieter day diagrams are clearly of very similar form. The shape, especially of the 
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vs diagram, is decidedly less circular than that of the diagram for the horizontal plane. 

In fact between 17 h. and 0 h. (or from 4 p.m. to 11 p.m. local time) the VS diagram 
does not differ much from a straight line. 

Plate XIV gives vector diagrams for the five disturbed and five quiet days. These 
include ES or horizontal plane diagrams for the three seasons and the year, but VS and 
VE diagrams for the year only. The times shown are G.M.T. as in the corresponding 
inequality tables. The scale has only half the openness of that employed in Plate XI. 
The centre of the cross serves for the common origin of the disturbed and quiet day 
diagrams. Parts of the quiet day diagrams could not be shown clearly owing to the hour 
points lying too close together. The hour points are, however, shown so far as possible. 
Allowing for the 12-hour difference in time, the diagrams are similar to the all day 
diagrams, but are naturally rather less regular in outline. 

tiecMon 24. — The base stations of the Antarctic Expeditions of 1902-^04 and 1911-12 
were only some 16 miles apart, their accepted positions being : — 

1902-04 . . 77“ 51' S. 166° 45' E. 

1911-12 . . 77° 38' S. 166° 24' E. 

'r wo stations as adjacent as this in temperate latitudes would naturally possess nearly 
identical diurnal variations, but we should expect a small difference in geographical 
position to have an increased influence as we approach a magnetic pole. Thus, even 
if both stations had been free from local disturbance, we should hardly have known 
what to expect, in reality, local disturbance was observed at both stations. As we 
have seen, sensible local disturbance existed in the observation hut in 1911-12 and 
possibly in the magnetograph cave, an uncertainty of the order of 5 per cent, resulting 
tlierefrom in the diurnal range of declination. In 1902-04 the local disturbance was 
lai'gcr. The value obtained for H in the absolute hut stood roughly in the ratio of 
3 : 2 to tho value obtained about If miles away on the ice in McMurdo Sound. The 
dip observed on the ice exceeded that in the hut by 1° 49'. Combined with the 
corresponding value of H, this indicated a comparatively small disturbance of V in the 
hut, amounting to only about -035 C.G.S. As to declination, there was only one 
comparison on the ic>.e, taken at a time when the magnetographs were not in action. The 
declination observed on that occasion was about 5° less (measured from North through 
East) than the mean value in the observation hut. The observation was taken at a 
season, January, when disturbances were specially large. Thus the local disturbance 
of 1) in the hut may have been very sensibly greater or very sensibly less than 5°, but 
in any case it would seem to have been comparatively trifling compared with 

the disturbance in H. i x. 

In 1902“-04 no inter-comparison was made of the absolute and magnetograp 

huts They were only about 25 yards apart. Thus, unless the disturbance in the 
absolute hut was due to building material or some purely superficial rock, we must 
suppose that the magnetograph hut was also seriously disturbed. While the same 
magnetograph was used in the two expeditions, the elements recorded were different. 
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In 1902-04, D and H were directly recorded. Thus the uncertainties connected with 
the presence of local disturhance entered differently into the results. If the field in 
the magnetograph hut in 1902-04 was the same as that in the absolute hut, the range 
shown by the D magnetograph was probably only about two-thirds of that natural 
to an undisturbed site on the ice of McMurdo Sound. If, on the other hand, the field 
in the magnetograph hut in 1902-04 was different from that in the absolute hut, the 
equivalent in force of 1' change in D was not the same for it as for the absolute hut, 
and the inequalities calculated for the South and West components on that hypothesis 
were in error. One phenomenon observed in 1902-03 is at least consistent with the 
hypothesis that the absolute hut was exposed to some very local source of disturbance. 
This phenomenon was an apparent large annual variation in H, the mean vahxes for the 
midwinter and midsummer months being respectively 665 O 7 and 6469y. No similar 
phenomenon, as we shall see, presented itself in 1911-12, and no such large difference 
between winter and summer has, so far as I know, been observed elsewhere. 

The comparison of the results from the two expeditions is affected by another 
serious source of uncertainty. In 1902-04 the D and H instruments, especially the 
latter, were unduly sensitive. The consequence was a considerable loss of trace, 
especially H trace, more particularly in summer. The sensitiveness of the V instrument 
was not excessive, but it possessed a very large temperature co-efficient, and the 
variations of temperature in the magnetograph hut were large. Thus, the aj)pIica.tiou 
of a temperature correction was absolutely necessary. 

The thermograph had an unduly open scale for the conditions prevailing, and the 
consequence was that a good deal of trace was lost, from the record going off the sheet. 
When this happened, the V trace coxxld not be corrected for temperature, and so was useless. 
In some months, to get anything like a satisfactory number of complete “ days ” of V 
record, use had to be made of periods of 24 consecutive hours not starting at 
midnight. 

The outcome of these instrumental weaknesses was that the days used for deducing 
D, H and V inequalities was not the same, the number of days available for D inequali- 
ties being the greater, especially in summer. As restriction in the number of days 
used for the V inequalities arose mainly through default of temperature trace, the days 
employed were presumably fairly representative of average magnetic conditions. But 
in the case of H, especially in summer, it was only on the quieter days that the trace 
kept within the limits of registration. Thus the H diurnal inequalities obtained in 
1902-03 referred undoubtedly to a less disturbed average state of matters than did the 
D inequalities. This almost certainly meant that the range of the H inequality was 
less than it would have been if derived from the same days as the D inequality. 

There was, as a matter of fact, a second set of D diurnal inequalities got out for 
selected quiet days in 1902-03. But the days so selected varied much in number from 
month to month and, the special features of the Antarctic being then unknown, the 
extent to which the days selected were identical with the days used for the H inequalities 
was purely a matter of accident. 
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The type of the diurnal inequality in 1911-12 certainly depended l)ut little on tire 
amount of disturbance prevailing, and so far as our evidence goes the same was equally 
true of 1902-03. Thus the D, H and V inequalities obtained for that epoch probably 
represent the type satisfactorily enough, even if not properly representative as regards 
the amplitude of the diurnal inequalities. But the same cannot he expected of the 
derived inequalities including those for I, S and E, especially the two latter. This will 
be recognised on reflecting that if the contributions of D and E were all altered in the 
ratio m: n, the contributions from H remaining unaltered, the entire character of the 
inequality might be altered. 

The seasonal diurnal inequalities will suffice for the comparison of the new results 
with the old. Eor brevity, N.A.E. (Irrational Antarctic Expedition) will be used for the 
publication dealing with the 1902-03 results. 

Comparing the D curves in Plate VIII with those in Eig. 9, p. 112 of N.A.E., the 
similarity of type at once appeals to the eye. A like similarity prevails between the 
H curves in Plate IX and those in Fig. 10, p. 113 of N.A.B., and between the V curves 
in Plate IX and those in Fig. 11, p. 115. In the case of the V curves we have even 
similar slight irregularities in the two oases in the forenoon hours in the summer 
season. 

A point to be noticed is that while equinox meant the same months in the two 
cases, a three-month mi<lsummer (November, December and January), and a three- 
month midwinter (May, June and July) were employed for 1902-03, instead of the foar- 
month summer and winter seasons employed for 1911-12. The choice made in 1902-03 
was decided by the wish to include in mi<isummer only days in which the sun did not 
set, and in midwinter only days in which the sun did not rise. This ruled out February 
and August. There was not the same reason for this curtailment of the two seasons 
in dealing Avith 1911-12, because it was then known in advance that the type of the 
diurnal inequality was unlikely to differ much throughout the year. 

The exclusion of August and February would naturally reduce the range of the 
midwinter inequality in 1902-03, and increase that of the midsummer inequality, but 
the effect should be trifling. 

Perhaps the only difference l)otwcon the older and newer curves immediately 
obvious is in the times of occurrence of the daily maxiinunr and minimum. . There 
ought, of course, to be an apparent difference of nearly an hour, as the 1902-03 curves 
refer to local time. This accounts satisfactorily for the difference shown in the V 
curves between the times of appearance of the minimum near noon, the most regular 
and conspicuous turning point in that element. In the case, however, of H, the times 
of maximum and minimum in the curve for the whole year are respectively 14h. and 
5 h. in 1902-03, as compared with 16 h. and 5 h. in 1911-12. This gives on the average 
of the two events the difference of one hour, which was to be expected., but it makes 
the rise from minimum to maximum take two hours longer in the one case than in the 
other. In the case of D, where both maximum and minimum are well marked, theii 
hours of occurrence in the curves for the whole year were maximum 9 h., minimum 
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18 h., or 19 h. in 1902-03, as compared with maximum at 11 h., minimum 20 h., or 21 h. 
in 1911-12. Allowing for the difference of time, this leaves an unexplained retardation 
of one hour in the later as compared with the earlier data. 

The curves are, however, so rounded near the turning points that the difference 
is not of a striking character. 

A notable difference does, however, present itself when we pass to the vector 
diagrams for the forces in the horizontal plane. The regular curve suggested by the 
diagrams in Plate XI is the circle, whereas the diagrams in Pig. 13, p. 116 of N.A.Pj., 
suggest ellipses, with the major axis at least double the minor, the latter lying roughly 
in the magnetic meridian. 

The difference is partly explained by the omission of the more disturbed days 
from the H inequalities for 1902-03 referred to above. If we take midsummer, the 
season when this cause was most in evidence, the number of days employed in the 
ineqixalities for H, D all days and D quieter days were respectively 42, 73 and 31 . Thus 
the standard of disturbance in the diurnal inequality for H probably approached much 
nearer that of the quieter day than that of the all-day D inequality. The ranges of 
these two latter inequalities were respectively 34' -0 and 45' *5, and so were roughly 
in the ratio 3:4. Supposing the true natural shape of the diagram to have been 
circular, we could in this way explain its becoming an ellipse in which the minor axis 
was only about three-fourths of the major. But in the midsummer diagram for 
1902-03 the minor axis is barely half the major. If the outstanding difference is to be 
fully explained by the other acting cause mentioned above, we must suppose that the 
magnetograph hut in 1902-03 was practically undisturbed. If this were the case, 
H in the magnetograph hut, like H at the ice station, was only about two-thirds of II 
in the absolute hut, and the transformation actually made of D changes into changes 
of force gave values too large in the ratio 3 : 2. If we replaced the all day by tire 
quieter day D inequality and the value of H in the magnetic hut by that for the ice 
station, we should reduce the major axis of the midsummer vector diagram roughly 
in the ratio (f) X (|) : 1, or 1 : 2. This would bring the form of the vector diagram for 
1902-03 into fair agreement with that for 1911-12. 

The fact that the midwinter diagram in p. 116, N.A.E. is less elhptical than that 
for midsummer, could be explained in accordance with the explanations given above 
by the fact that the H days employed numbered 82^ per cent, of the D days employed, 
instead of only 57^ per cent, as at midsummer. There was thus a considerably closer 
approach to a common standard of disturbance in the case of midwinter. 

Section 25. — k. more detailed comparison of the data from the older and newer 
epochs is attempted in Table XXXVII, p. 94. It should be remembered that “ summer ” 
and “ winter,” all ” and “ quieter ” do not bear exactly the same significance in the 
two cases. 

There were several causes of loss of trace in 1902-03, but the days when there 
was loss from causes other than the limits of registration being exceeded may fairly 
be regarded as days of average disturbance. Thus particulars of the percentage which 
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the number of days when the limit of registration was exceeded formed of the total 
number of days when there was no loss of trace from other causes should give a good 
idea as to the reduced extent to which disturbance entered into the inequalities of 
1902-03 as compared with 1911-12. Taking the year and the three seasons as defined 
in 1902-03, we find the percentages of days omitted for excessive disturbance to be 
as follows : — 



Year. 

Midwinter. 

Equino.^c. 

1 

Midtiummor* 

D (all days) 

14 

4 

17 

27 

H 

40 

20 

61 

71 


Thus in a midsummer month of 30 days we may regard the ordinary day 1902-03 
inequalities as representative of the nine quietest days in H, and the 22 quietest days 
in D. The corresponding figures for a represeixtative month of 30 days, for the other 
seasons and the year, are for midwinter D 29, H 24 ; for equinox D 26, H 12 ; for the 
year D 25, H 15. 

On a comparative basis the quieter day D inequalities of 1902 -03 may be regarded 
as representative of the n quietest days of the month, where n has the following 
values : — 

13 for the year, 17 for midwinter, 13 for equinox and 9 for midsummer. 

On this basis if 1902-03 and 1911-12 had been equally quiet epochs, and both 
magnetograph chambers had been undisturbed, the following phenomena might liave 
been expected to present themselves : — 

in Year and Equinox, 

in D, range from all days 1902-03 slightly less tlian range from all days 1911-12 ; 
in D, range from quieter days 1902-03 slightly greater than range from quieter days 
1911-12 ; 

in H, range for 1902-03 somewhat in excess of range from quieter days 1911-12 ; 

in Winter, 

in D, range from all days 1902-03 approximately equal range from all days 1911-12 ; 
in D, range from quieter days 1902-03 distinctly greater than range from quieter days 
1911-12 ; 

in H, range for 1902-03 nearer to range from all days than that from quieter days 
1911-12; 




in Summei', 

in D, range from all days 1902-03 about midway between ranges from all and 
quieter days 1911-12 ; 

in D, range from quieter days 1902-03 closely similar to range from quieter days 
1911-12 ; 

in H, range for 1902-03 closely similar to range from quieter days 1911-12. 

The previous remarks will have sufficiently explained why in Table XXX VI 1 
the older H data are regarded as belonging to quieter rather than to all days, and why 
the opposite view is taken of the older V data. As E depends more on D than on H, 
while S depends more on H than on D, the older E ranges are entered in the 
“ all ” da)^ line, and the older S ranges in the “ quieter ” day line, though the 
calculations leading up to them employed in each case the all day D inequalities' 
It would perhaps have been more correct to have regarded both the E and the S ranges 
as intermediate. 

Consider first the H data in Table XXXVII, because these should not be seriously 
affected whatever view we take as to disturbance in the magnetograpli hut. 'I’he 
anticipa.tions we reached on the hypothesis that the older and newer epocihs had a 
similar amount of natural disturbance, were that the ranges for the older epoch for 
the year, equinox and summer would approach closely to the quieter day ranges of the 
newer epoch, while in winter the ranges for the older epoch would be intermediate 
between the all day and quieter day ranges of the newer epoch. We find, however, 
in each case that the range for the older epoch is less than the quieter day range for 
the newer epoch, and the deficiency is substantial except in winter. This suggests 
that the epochs were not alike as regards disturbance in the Antarctic, 1902-03 being 
decidedly the quieter epoch of the two. This conclusion is supported by the results 
obtained for the V ranges ; the older ranges are conspicuously less than the all day 
newer ranges. The deficiency in the older V ranges is very similar to the deficiency 
we have just described in the older H ranges as compared with the newer quieter day 
ranges. In Europe 1911 was a much more disturbed year than 1902 or 1903, so the 
difierence between the H and V ranges for the two epochs is in the direction we should 
naturally have expected. 

Coming now to the D ranges, on the hypotheses that the natural disturbance in 
the two epochs was the same and that there was no local disturbance, our anticipations 
were that the all day ranges in 1902-03 for the year and equinox would be slightly 
less than the all day ranges in 1911-12, while the quieter day ranges in 1902-03 for the 
year and equinox would exceed the corresponding quieter day ranges for the later epoch. 
In each case, however, according to Table XXXYII, the 1902-03 range falls short 
of our anticipations. The same result follows for winter. Eor summer, on the other- 
hand, our anticipations are fairly fulfilled. The all day range for 1902-03 is inter- 
mediafje between the all day and quieter day ranges for 1911-12, and the quieter day 
range for the earlier epoch does not differ very much from that for the later epoch. 
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Thus on the whole the deficiency in the older as compared with the newer D ranges 
is not more but rather less marked than in the case of the H and V ranges. 

If we put 50 per cent, on to the D ranges for 1902-03, as we naturally should 
do for comparison with 1911-12 if we supposed the magnetograph hut in the earlier 
epoch to be equally disturbed with the absolute hut, we should, except in one 
case — that of the all day winter range — ^find the older ranges to be in excess of the 
newer. In short, the D phenomena fall better into line with the H and V phenomena 
if we suppose that the magnetograph hut of 1902-03, unlike the absolute hut, was 
no more disturbed than the cave of 1911-12. The B and S data in Table XXXVII 
point in the same direction. If we took one-third off the older E ranges— representing, 
roughly, the correction required if H in the magnetograph hut in 1902-03 was really 
'043 instead of '066 — we should get results much more in harmony with those we 
reached in the case of H and V. 



Table X. — ^Diurnal Inequality in E' in 


— 

1 h. 

2 h. 

m 

m 

m 

6h. 

7 h. 

. 8h. 

9h. 

10 h. 

11 h. 

12 h. 

1911— 

7 

7 

7 

7 

y 

V 

y 

y 

y 

y 

y 

y 

Feb. 

'2 

— 4-4: 

- 7-8 

-21-2 

-40-4 

-58-0 

-63*9 

-851 

-71-1 

-65-6 

-72-2 

-42-7 

Mar. 

4:*2 

- 1*6 

- 9-4 

-21-3 

-30-4 

-36-4 

-4D-7 

-53-7 

-56-6 

-55-0 

-49-8 

-49*2 

April 

+ 1-2 

- 3-8 

-14-2 

-10-9 

-20-2 

-33-9 

-35-1 

-35-1 

-49 0 

-46-3 

-48-4 

-36*4 

May 

+ 5-7 

- M 

- 6-3 

-13*4 

-22-8 

-23-3 

-23-6 

-26-7 

-26-3 

—26-8 

-32-2 

—23-0 

June 

- 2-1 

- 4*1 

- 3-2 

-10-9 

-13-1 

-16-2 

-19-2 

-23-4 

-19*3 

-19*3 

-23-5 

-17*() 

My 

+ 5-4 

- 1*7 

- 4-7 

- 9-4 

-18-6 

-21-6 

-21-8 

-22-4 

-20*7 

-23-3 

-23-8 

-22-2 

Aug. 

“f- 1*8 

-- 2-1 

-12-7 

-13-0 

-16*7 

-22-3 

-22-4 

-18-7 

-21 -1 

-22-1 

-30-5 

-16*8 

Sept. 

+ 0-8 

- 2-6 

-12-3 

-16-8 

-17-8 

-24-8 

-24-2 

-30-0 

-28-2 

-35-9 

-37*1 

-24*9 

Oct. 

- 0-5 

- 5-2 

-12-2 

-18-5 

-23-2 

-32-3 

-42-2 

-38-9 

-42-5 

-39-4 

-32-4 

-20*3 

Nov. 

+ 7-3 

- 0-5 

- 5*7 

- 9-3 

-21-9 

-29-1 

-34-0 

-52-5 

-64-7 

-65-8 

-4(i-7 

-3(>*1 

Dec. 

+ 8-4 

+ 2-3 

- 5-5 

-11-0 

-21-6 

-29-9 

-45-1 

-28-2 

-43-7 

-33-0 

-34*9 

—29*6 

1912— 













Jan. 

-f 8-2 

- 2-3 

-10-2 

-13-0 

-23-1 

-20-8 

-13-1 

-16-1 

-30 •! 

-60 1 

-4(r4 

-40-5 

Feb. 

+ 0-3 

- 6-8 

-10-5 

-16-9 

-21 -1 

—22-5 

-24-0 

-28-7 

-30-0 

-37-(; 

~-39 3 

-~2r»*r) 

Mar. 

+ 3-7 

- 4-9 

- 8-7 

-14-9 

-18-3 

-22-2 

-21 -1 

-23-3 

-27-2 

-27 1 

-30*0 

-21 *8 

April 

— 2-4 

- 3-3 

- 5-6 

-12-3 

-20-7 

-19-6 

-25-3 

-26-8 

-25-9 

-21-1 

-18*4 

-If)* 7 

May 

— 0-2 

- 1-0 

- 3-5 

- 8-3 

- 7-5 

-13-8 

-11-7 

-19-4 

-16-6 

-18-2 

-l4-() 

--- IJ *9 

June 

— 0-6 

- 2-1 

- 6-1 

- 5-4 

- 5-4 

—11-6 

-12-7 

-13-5 

-17 0 

-13-7 

~13*r) 

-14*4 

July 

— 0-3 

- 4-5 

- 2-8 

- 6-3 

- 9-0 

-13-0 

-11-9 

-14 -.5 

-14-9 

-12-0 


--1] •() 

Aug ... 

“f- 3*6 

+ 0-8 

- 4-5 

- 6-7 

-11-3 

-17-8 

-18-5 

-24-1 

-19-1 

-25-2 

-23 *3 

-21 *8 

Sept. 

- 0*] 

- 1-2 

- 2-3 

- 7-4 

-14-6 

-21-5 

-23-6 

-26-8 

-36-9 

-22-3 

-18*0 

-16*3 

Oct.' 

-|~ 3*4 

- 2-9 

-IM 

-16-5 

-21-8 

-23-6 ' 

-21 -1 

-27-8 

-31-3 

-34-9 

--32*8 

-32*1 

Nov. 

— 6*1 

—10-6 

-10-2 

-14-2 

-15-2 

-16-9 

-45-3 

-40-0 

-32-1 

-35-9 

-20-9 

-20*0 


Table XI. — ^Diurnal Inequality in E' for the 12 Months, 


— 

1 h. 

2 h. 

3h. 

4h. 

5 h. 

6h. 

7h. 

8h. 

9h. 

10 h. 

11 h. 

12 h. 

7 

-40 -.9 
-34-1 
-35 •.9 
-2(5-5 
-17-1 
-](S-0 
— 1 (5 -(5 
-19 -.‘5 
— 2()-() 
-26-2 
-28-1 
-29-0 

-25-9 

-17-3 

—27-2 

-33-1 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year 

Winter 
Equinox ... 
Summer 

7 

+ 8-2 
+10-2 
4- 3-9 
- 0-6 
+ 2-7 
- 1-4 
+ 2-5 
+ 2-7 
+ 0-3 
+ 1-4 
+ 0-6 
+ 8-4 

+ 3-2 
+ 1-6 
+ 1-3 
+ 6-9 

7 

- 2-3 

- 6-6 

- 3-2 

- 3-6 

- 1-0 

- 3-1 

- 3-1 

- 0-7 

- 1-9 

- 4-1 

- 5-5 
~f- 2’3 

- 2-6 
- 2-0 

— 3-2 

— 2-8 

y 

•10*2 

• 9*2 

- 9*0 

• 9*9 

• 4*9 

- 4*7 

• 3*7 

• 8*5 

• 7*3 
-11*7 

- 7*9 

- 5*5 

- 7*7 

- 5*5 

- 9*5 

- 8*2 

7 

-13-0 
-19-1 
-18-1 
-11-6 
-10-9 
- 8-1 

- 7-8 

- 9-9 
-11-6 
-17'5 
-11-8 
-ll'O 

-12-5 

- 9-2 
-14-7 
-13-7 

7 

-23-1 
-30-8 
-24-3 
-20-4 
-15-1 
- 9-2 
-13-8 
-14-0 
-16-2 
-22-5 
-18-6 
-21-6 

-19-1 

-13-0 

-20-8 

-23-5 

7 

-20-8 

-40-2 

-29-3 

-26-8 

-18-6 

-13-9 

-17-3 

-20-1 

-23-2 

-27-9 

-23-0 

-29-9 

-24-2 

-17-5 

-26-8 

-28-5 

7 

-13-1 
-43-9 
-30-9 
-30-2 
-17-7 
-16-0 
-16-9 
-20-5 
-23-9 
-31-7 
-39-7 
-45 1 

-27-5 

-17-8 

-29-2 

-35-4 

7 

-16-1 
-56-9 
-38-5 
-30-9 
-23 1 
-18-5 
-18-5 
-21-4 
-28-4 
-33-4 
-46-3 
-28-2 

-30-0 

-20-4 

-32-8 

-36-9 

7 

-30-1 

-60-6 

-41-9 

-37-4 

-21-4 

-18-2 

-17-8 

-20-1 

-32-5 

-36-9 

-48-4 

-43-7 

-33-2 

-19-4 

-37-2 

-43-2 

7 

-60 1 

-51-6 
-4M 
-33-7 
-22-5 
-16-.'> 
-17-9 
-23-6 
-29-1 
-37 1 
-50-8 
-33-0 

-34-7 

-20-1 

-35-2 

-48-9 

7 

-40-4 
-55-7 
-39-9 
-33-4 
-23 1 
-18-5 
-18-7 
-26-9 
-27-(; 
-32-6 
-33-8 
-34-9 

-32-6 

-21-8 

-33-4 

-42-7 
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Individual Months from all Complete Days. 


h. 

14 h. 

1,5 h. 

lt > h . 

17 h. 

18 h. 

U) li. 

y 

7 

7 

7 

7 

y 

y 

- 34-5 

- 18*7 

4-10-5 

+ 50-3 

+ i 56-2 

+ 60-5 

+ 73-1 

- 26-6 

- 7*4 

4-12*2 

4 - 28*7 

4 - 49*7 

+ 57-6 

+65-8 

- 24-9 

- 9-3 

+ 7-7 

+ 29-5 

4 - 44*6 

+. 50-8 

+ 55-4 

- 12-6 

- 8-4 

+ 3-7 

+ 14-7 

+ 26-6 

+ 38*8 

+ 35-3 

- 11-2 

- 5-2 

+ 2-4 

+ 14-0 

+ 24-1 

+ 24-4 

+36-2 

- 19-2 

- 6-1 

- 1-0 

+ 11-7 

+ 19-5 

+ 24-3 

+37-7 

- 12-9 

- 7-8 

+ 3-2 

+ 17-5 

+ 20-9 

+ 33*5 

+37-9 

- 18-0 

- 8-0 

- H 2-7 

+ 24-6 

+42-2 

+ 38-3 

+ 39-9 


+ 3-6 

+ 14-8 

+ 25-9 

+ 43-4 

+49-9 

+ 48-8 


+ 2-1 

4 - 20*4 

+ 37-4 

+ 48-1 

+58-9 

+ 55-9 

- 29-5 

-» l 7-3 

+ 1-2 

+ 14-5 

+ 36 - 2 

+- 42-8 

; 1 
1 

+ 47-3 

- 28-1 

- 14*7 

+ 11-6 

+ 26-6 

+ 40-8 

+ 43-0 

+47 *5 

- 10-3 

- 1-4 

+ 13-1 

+ 28-5 

+ 34-9 

+ 35-3 

-t-41 -5 

- 16-5 

4 - 1-2 

+ 13-8 

+ 19-5 

+ 27-1 

+31 -8 

+36 *4 

- 6-7 

+• 4-1 

+11 -0 

+ 19-3 

+ 21-4 

+ 28-8 

-1-31 -7 

— 9-0 

- f )-0 

+ 5-4 

4 - 12*4 

+ 19-6 

+ 21-3 

+21 -8 

- 5-7 

- 1-9 

+ 0-1 

4 - 7*4 

+ 13-7 

+21 -0 

+24-4 

— 10-3 

~ 1-1 

+ 3-2 

4 - 11 - f ) 

+ 15-0 

+ 17-4 

+21 -2 

- 13-8 

- l-O 

+ 10-5 

- h 23 *l 

+ 23-3 

+ 23-6 

+27-9 

-11 -2 

- 1*9 

+ 9-8 

H - 18-9 

+27 -0 

+ 28-5 

+30-7 

- 16-7 

^ 2-7 

+ 15-7 

- h 29*4 

+ 38-8 

+40-7 

+ 36-8 

- 25-3 

- 17 -9 

4 " 1 * 

4 - 28*0 

+ 37-5 

+ 41-9 

1 

+ 46-1 


20 h. 


21 l». 


V 

H-81 -3 
+ 03 -4 
+55-5 
+39-8 
+30-9 
+35-9 
-|“34: *4: 
+35-5 
+45-2 
+48-1 
+49 6 


+37 •« 
+ 40-3 
+ 30-0 
+ 27' 3 
+ 21-4 
+ 21-.5 
+22-0 
+ 23-4 
+ 29-1 
+ 38-3 
-1-51 -4 


y 

+ 7 ( i -4 
+ i 35-4 
- 1 - 43-9 
- 1 - 34-4 
+ 22-5 
+34 -0 
+ 33-5 
-[- 30 -G 
+ 3(>-5 
+ 39-7 
+ 48-1 


+ 30-3 
— |- 3 f > * 3 
+ 29-1 
+ 26-1 
+ 16-5 
+ 20-0 
- 1 - 13-8 
+ 18-1 
- 1 - 27 -2 
+ 31-4 
+ 43-2 


2 li h . 

h. 

U h. 

Range. 

A-D. 

7 

y 

7 

7 

7 

+ T 4-0 

+ 52-1 

+ 30-6 

166-4 

48*78 

+ 43*3 

+ 32-2 

+ 25-8 

122-4 

36-52 

-^^ 34 '0 

+ 26 -G 

- fl 7 *I 

104 -5 

30-60 

+ 20*5 

+ 16-2 

+ 11.2 

72*0 

20-52 

+ 18-3 

+ 10-7 

+ 5 -G 

59*7 

15-73 

+ 28-9 

+ 10-2 

+ 9-2 

(11 -5 

ia -05 

+ 20-9 

+ 12-5 

+ 2-5 

68-4 

18-23 

+ 30-0 

+ 16-1 

+ 3-0 

79-3 

22-85 

+ 27-6 

+ 16-4 

-h 7*9 

92-4 

26-05 

-[- 37-0 

+ 25-0 ' 


124*7 

32-79 

+ 41-8 

+21*1) 

+ 14-3 

94*7 

27-40 

+ 28-2 

+25 - 1 

+ 19-7 

107 *(1 

26-55 

+ 21-7 

+ 12-5 

+ 10-3 

80*8 

22-89 

+ 23-3 

- 1 - 13-1 

4 - 6 -B 

(><)*4 

i 9 -(;c 

- 1 - 22-0 

+ 10-3 

+ 2-5 

58*5 

17-05 

- 1 - 12-7 

+ 7-8 

+ 1-9 

11*2 

11-75 

+ 7-9 

+ 7-1 

+ 1-2 

41 *4 

10-33 

-1-10-8 

- 1 - 7-2 

- 1 - 3-2 

30*9 

10-47 

- 1 - 13-4 

+1 1 -9 

4 - 5 -8 

53*1 

15-57 

- 1 - 20-0 

+ 10-4 

4 - 2 -G 

(> 7 ‘(> 

17-01 

- 1-21 -7 

+ 12-1 

+ 7 -2 

75 - f ) 

22-95 

+ 32-1 

+ 20-9 

+ 6-3 

90 -7 

25-85 


3 Seasons and the Year from all Complete Days. 


13 h. 

14 h. 

15 h. 

10 h. 

17 h. 

18 h. 

19 h. 

SI) h. 

ai h. 

h. 

2;ih. 

a ii. 

Bangc. 

A..1). 

7 

- 28*1 

7 

- 14*7 

Y 

+ 11-6 

7 

+ 26-0 

7 

- 1-40 *8 

y 

+ 43-0 

7 

+47-6 

y 

+ 37-8 

y 

+ 30-3 

+ 28-2 

V 

- 1 - 25-1 

7 

+ 19 -T 

7 

107-7 

y 

25-56 

- 22 * 4 : 

-10 *0 

+ -U-8 

+ 39*4 

+ 45-6 

- 1 -- 47-9 

+ 57*3 

+ 60-8 

+ 56-3 

+ 47-8 

4 '“ *32 “ 3 

+20-6 

117-7 

3 t> * 83 

-21-6 

- 3*1 

+ 13*0 

+ 24-1 

+.38 -4 

+44 *7 

-1-51-1 

+ 46*7 

+ 42-3 

-443*;^ 

+22-6 

- 1 - 16 -3 

93-0 

28 - 0.3 

- 15*8 

- 2*6 

+ 9-3 

+ 24-4 

- 1-33 •() 

4 - 39*8 

1-43-5 

- 1 - 41-1 

- 1 - . 3 . 7-0 

+ 28 *;^ 

+ 18-4 

+ 9-8 

80-9 

23-60 

- 10*8 

- 7*2 

+ 4*5 

+ 13*6 

+231 

-+ 3 (>*() 

+ 2 H-r> 

- 4 - 30-6 

- 1 - 25*4 

--H ()■(> 

4-11 -5 

-I- 6-6 

03-7 

if )* 12 

- 8*4 

- 3*0 

+ 1-3 

+ 10-7 

+ 18-9 

^ 1 - 22*7 

H30-3 

- 1 - 26-2 

+ 21-2 


-h 8*1) 

+ 3-4 

48 *8 

13-03 

- 14:*7 

- 3*6 

+ M 

+ 11-7 

+ 17-3 

+ 20-8 

+29-5 

+ 29-0 

+ 23-9 

+ 19-8 

+ 8-7 

+ 6-2 

48 -2 

14-20 

- 13*4 

- 4*4 

+ 6-9 

+ 20-3 

+ 22-1 

+ 28-5 

+32-9 

+ 28-9 

+25 -8 

+ 18-2 

- 1 - 12-2 

+ 4-1 

69-8 

lG -89 

- 14*6 

- 2*5 

+ 11-2 

+ 21-7 

+ 34-6 

+ 33-4 

+35-3 

+ 32-3 

+ 28-9 1 

+ 25-0 

- 4 - 13-3 

+ 2-8 

67-8 

19-92 

- 14*3 

+ 0*5 

+ 15-2 

+ 27-6 

+ 4 M 

+ 45-3 

+ 42-8 

+ 41-8 

+ 34-0 

+ 24-7 

- 1 - 14 -2 

- 1 - 7 - f ) 

82 *4 

24 -67 

-26 *3 

- 7*9 

+ 11-1 

+ 33-0 

+ 42-8 

+. 50-4 

+51-0 

+ 49-7 

+ 41-5 

+ 34-6 

+ 22-9 

+ 9-9 

101-8 

28-98 

- 29*5 

- 17*3 

+ 1-2 

+ 14-5 

+ 36-2 

+ 42-8 

+ 47-3 

+49-6 

+ 48-1 

+ 41-8 

+21 -9 

+ 14-3 

93-3 

27 *40 

- 18*3 

- 6*4 

+ 8-2 

+ 22-3 

+ 32-8 

+ 37-4 

+41 -4 

+ 39 -G 

+34 - 4 

+ 27-6 

-+ 17-7 

-l-io-i 

76-1 

22-89 

- 11*8 

- 4*7 

+ 3-6 

+ 14-1 

+ 20-4 

+ 25-5 

+30-3 

+ 28-7 

+ 24-1 

+ 16-9 

+ 10-3 

+ 6-1 

52-1 

16-04 

- 16*6 

- 1*9 

+12 -2 

+ 24-5 

+ 3 G -8 

+ 40-8 

+43-2 

+ 40-6 

■+35 ■ 1 

+ 27-8 

+17-1 

+ 9-1 

80-4 

24-04 

- 26*6 

- 12*5 

+ 8-9 

+ 28-4 

+ 41-4 

+ 46-0 

+50-8 

+49-5 

+ 44-1 

+ 38-1 

+25-6 

+ 16- 1 

99-7 

29-66 


B 3 
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Table XII.— Diurnal Inequality in E' in Individual 


- 1 

1 h. 

2h. 

3h. 

4h. 

5 h. 

6h. 

7h. 

8h. 

9h. 

10 h. 

11 h. 

12 h. 

1911— 

1 Feb. 

y 

-fU-8 

V 

+ 5-0 

y 

- 2-5 

y 

-16-5 

y 

-45-8 

y 

-39-8 

y 

-45-5 

y 

-52-6 

y 

-65-2 

y 

-60-2 

y 

-51-0 

y 

-35-3 

Mai. 

4-13-8 

+ 9-4 

+ 1-9 

- 5-0 

-16-0 

-14-9 

-25-7 

-20-9 

-31-9 

—33-7 

—39-9 

—30*7 

April 

May 

June 

— 1*1 

- 6-2 

— 5*7 

- 6-8 

—15-2 

-21-6 

-27*9 

-23*6 

-30-2 

—22-9 

—22-4 

—12*9 

+ 3*3 

+ 0-7 

- 3-9 

- 2-4 

- 5-9 

- 6*6 

-15*6 

-16-1 

-14-9 

-13-7 

-13-2 

—11*0 

- 2-3 

0-0 

- 0*5 

- 6*1 

- 4*5 

~ 9*8 

-11-2 

-19 5 

-14-0 

- 9*7 

- 9*5 

— 6*9 

July 

Aug. 

Sept. 

Oct. 

0*3 

+ 0-2 

- 2-8 

- 2*7 

-15-0 

-16-3 

-19-4 

-14-0 

-10-0 

- 9*6 

- 7*() 

— 4*8 

- 2-2 

- 0-1 

- 5-9 

-14-0 

— 6-7 

- 8-7 

- 9*5 

-14-1 

-15*1 

— 8*2 

— 9*7 

— 2*5 

- 4*8 

- 3-1 

_ 4-1 

- 4-6 

- 8-8 

— 10-5 

-11*9 

-16-8 

-17-9 

-21-9 

-lG-5 

— 9*() 

~ 3*8 

- 5-0 

-11-8 

-12-5 

-10-6 

-18-7 

-20*7 

-26-5 

-24-4 

-27-5 

-17*() 

— 8*2 

Nov. 

+ 6*9 

- 1-9 

- 1-1 

- 4-8 

—16-5 

-30-2 

—39-0 

-43-0 

-39*8 

— 44 1 

-27-2 

—15*7 

Dec. ...' 

«0.3 

+ 6-0 

+ 3-0 

- 3-5 1 

—12-3 

-17-2 

-15-9 

-20-1 

-31*0 

-40-1 

—42-5 

—28 * 4 

1912— 

Jan. 

+ 7*9 

-f 8-0 

+ 2-5 

- 3-9 

-15-4 

-18-0 

-28-4 

-25-1 

-36*7 

-4M 

-37-8 

-29*7 

Feb. 

~ 0*6 

— 5-6 

-11-7 

-10-6 

—18-8 

-17-0 

-19-9 

-24-5 

-21*3 

-25-0 

—27-3 

— J 7 • 6 

Mar. 

~ 2*8 

-7-5 

- 8-7 

- 8-1 

—10-7 

-11-8 

-12-2 

-13 1 

-16*7 

-19-8 

-16-5 

—10*8 

April 

May 

- 4*5 

- 3-1 

- 7-4 

- 8-G 

- 9-8 

— 9-5 

-12-9 

-13-5 

-11*5 

- 9-4 

- 3-4 

- 6*8 

- 0*2 

+ 1-8 

- 1-7 

- 4-1 

— 3-9 

— 7-9 

- 4-2 

- 5-1 

- 5*7 

- 4-2 

- 4-6 

— 3*2 

June 

- 1*0 

- 1-9 

- 4-3 

— 5-0 

- 4-9 

- 9-7 

- 8-8 

- 3-9 

- 4*3 

- 5-4 

— 7-9 

— 5-1 

July 

- 2*4 

- 2-1 

+ 0-5 

- 1-2 

- 1-4 

- 2-4 

- 6-3 

- 7-3 

- 5*1 

- 6-1 

- 4-8 

- 3-9 

Aug. 

Sept. 

Oct. 

, + 3*2 

+ 2-2 

+ 0-2 

- 1-8 

— 7-9 

— 8-9 

- 9-0 

-11-4 

- 8*9 

- 9-8 

-12-8 

- 7-7 

3*6 

— 2-9 

- 4-0 

- 0-9 

-10-3 

-11-5 

-10-4 

- 9-6 

-12*1 

-14-5 

-13-9 

-10-9 

, - 0*8 

- 8-6 

-11-2 

-10-5 

-14-3 

-18-1 

—13-1 

-13-4 

-14*6 

-20-9 

-24-7 

—16-4 

Nov. 

. - 4*8 

, 

-11-8 

- 5-2 

1 

- 5-7 

— 2-0 

- 5-2 

-34-8 

-29-7 

1 

-33*5 

-40-7 

-28-0 

-14-0 


Table XIII. — Diurnal Inequality in E' for the 12 Months, 


— 

Ih. 

2 h. 

3h. 

4:h. 

5h. 

6h. 

7li. 

8h. 

9h. 

10 h. 

11 h. 

12 h. 


7 

y 

7 

7 

7 

7 

7 

y 

y 1 

7 

y 

y 

Jan. 

-b 7-9 - 

f 8-0 - 

f 2-S - 

- 3-9 ■ 

-15-4 ■ 

-18-0 

-28*4 

-25-1 

-36-7 

-41 -1 

-37-8 

-29-7 

Feb. 

+ 7-1 

- 0-3 

~ 7-1 

-13-0 

-32-3 

-28*4 

-32*7 

-38*6 

-43-3 

-42-6 

-39*2 

-26-5 

Mar. 

-f 5-5 

-1- 1-0 

- 3*4 

— 6*5 

-13-4 

-13*3 

-19-0 

-17-0 

-24-3 

-26-7 

-28*2 

-20 *7 

April 

- 2-8 

— 4-7 

- 6-6 

— 7-7 

-12-5 

—15*5 

-20*4 

-18-6 

-20-9 

-16-2 

-12*9 

- 9*0 

May 

+ 1*6 

+ 1*3 

- 2-8 

— 3-3 

- 4-9 

— 7*3 

- 9-9 

-10-6 

-10-3 

- 9-0 

- 8*9 

- 7*1 

June 

- 1-7 

— 1-0 

- 2-4 

- 5*6 

— 4*7 

— 9-8 

-10-0 

-11-7 

- 9-2 

- 7-6 

- 8-7 

- 6*0 

July 

- 1-0 

- 1-0 

- 1-1 

— 1-9 

— 8-2 

— 9-4 

-12 3 

-10-6 

- 7-6 

— 7-8 

- 6-2 

- 4-3 

Auff. 

+ 0-5 

+ 1-1 

- 2-8 

- 7-9 

— 7-3 

— 8-8 

1 - 9-3 

-12-7 

-12-0 

- 9-0 

-11-2 1 

- 5-1 

Sept. 

— 4-2 

— 3-0 

- 4-1 

- 5-8 

— 9-6 

-11-0 

-11-2 

-13-2 

-15-0 

-18-2 

-15-2 

-10-3 

Oct. 

- 2-3 

- 6-8' 

-11-5 

-11-5 

-12-5 

-18-4 

-16-9 

-20-0 

-19-5 

-24-2 

-21-2 

-12-3 

Nov. 

-f 1-1 

- G-9 

- 3-2 

- 5-3 

— 9-3 

-17-7 

-36-9 

-36-4 

-36-7 

-42-4 

-27-6 

-14-9 

Dec. 

, - 0-3 

-J” 5*0 

+ 3-0 

- 3-5 

-12-3 

-17-2 

-15-9 

-20-1 

-31-0 

-40-1 

-42-5 

-28-4 

Year 

. + 1-0 

— 0-6 

- 3-3 

- 6-3 

-11-9 

-14-6 

-18-6 

-19-6 

-22-2 

-23-7 

-21-6 

-14-6 

Winter 

. — 0-1 

+ 0*1 

- 2-3 

1 - 

— 6-3 

- 8-8 

-10 -'4 

-11-4 

- 9-8 

- 8-3 

- 8-7 

- 5-6 

, Equinox 

. - 1-0 

— 3*4 

- 6-4 

- 7-9 

—12-0 

-14-6 

-16-9 

-17-2 

-19-9 

-21 3 

-19-4 

-13-3 

Summer 

.-f 4-0 

+ 1*5 

- 1-2 

- 6-4 

-17-3 

-20-3 

-28-6 

-30-1 

-36-9 

-41-6 

-36-8 

-24-9 
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Months from 10 Quieter Days a Month. 


13 h. 

14 h. 

15 h. 

It! h. 

17 h. 

18 II. 

in h. 

20 h. 

21 li. 

2ii h. 

ii. 

2-t li. 

Han go. 

A.I). 

cX 

y 

y 

y 

y 

y 

7 

y 

y 


y 

y 

y 

y 

-24-7 

-13-6 

+ 8-6 

4-30-7 

4-40-8 

+ 45-5 

4-55-5 

■fGl-7 

+()5-8 

-1-67 -4 

H-39- 1 

-1-20-3 

132-6 

37-8ij 

-16 -9 

-14-3 

- 3-9 

4- .10 -8 

4-20-2 

-1-25 -2 

-4-34 -G 

-1-39 -8 

•437-4 

+21-7 

-1-18-3 

+ 19-5 

79-7 

21-10 

-10-2 

- 3-9 

-f 3-9 

-fl3-9 

-f-21 • 8 

-1-24 -4 

+•35 *0 

4-47-2 

+27*0 

+ 17-0 

4-11-8 

+ 9*5 

77-4 

17-68 

- 8-6 

- 6-1 

-h 1-8 

4- 5-3 

4-10-0 

4-13-7 

-f20-9 

4-19-2 

4-15-4 

4-13-7 

-h C-9 

+ ()*8 

37-() 

9*82 

- 3-5 

- 0-8 

-f" 2 ’4: 

4- 4-8 

-1- 9-7 

4-14-8 

4-16-3 

-f-13-4 

4-14-4 

4-10-7 

4- 7-8 

-1- G-6 

35-8 

8-18 

— 3-1 

-1- 0-5 

- O'G 

4- 5-4 

-f 8-8 

-flO-4 

4-16-3 

4-20-8 

-1-14-1 

4-12-1 

+ 6 *6 

+ 4*5 

40-2 

8-79 

- 3-3 

- 1-5 

-h 2-2 

+ 9-3 

4-lM 

■4-12-3 

4-17-3 

4-18-3 

4-1 4- 4 

4- 9-6 

-h 6-0 

- 0*1 

33-4 

8*42 

— 6-1 

-f- 0*2 

+ 8-7 

-|-19 • 2 

H-26-0 

+■24-7 

-(-23-9 

4-14-3 

-1- 10- J 

-1- 5-3 

-1- 5-3 

- 0-5 

47-9 

1 1 -4-5 

+ 4-2 

-fl5-7 

+15-4 

4-20-8 

-1-31-4 

-f25-3 

4-22-8 

4-20 ■« 

+ 14* 1 

+ .10*0 

+ 8-9 

-1- 4-0 

58-9 

15-65 

- 9-0 

+- 7-9 

+20-4 

4-27-8 

434-0 

4-42-7 

-1-41 -5 

+:56- 1 

+ 2()-5 

-1- 1.5-0 

-1- 5-7 

-1- 7-7 

86*8 

22-69 

-12-7 

- 4-6 

+ 8-C 

4-13-4 

4-30-1 

4-36-3 

4-30 ■() 

-1-29-6 

4-27-7 

-1-25-2 

-l-l-l -3 

-1- 5-6 

78-8 

19-08 

-15 -8 

- 9-9 

-f 5-7 

-4-22-5 

-f-30-4 

-1-33-6 

-i-32-4 

4-31-3 

4-23-5 

1-23-5 

4-23 -0 

■1-17-1 

74-7 

21 -80 

- 5-9 

+ 4'5 

+ J1'4 

4-17-5 

4-18-5 

-(-25-4 

4-35-5 

-l-,‘K)-2 

4-26-5 

4-17-0 

-1-10-9 

-1- 8-9 

G2-8 

17-17 

- 5*6 

-f- 7-0 

H- 9-1 

-1-11-7 

-1-15-0 

-l-18-(i 

-1-21-1 

-1-18 -2 

4-18-4 

H-J4-7 

1- 6-7 

-1- 3-1 

40-9 

11 -90 

- 

+ 6-3 

+ 3-3 

-h 7-8 

-l-n-i 

4-14-4 

-415-7 

-1-13-9 

4-12-1 

4-10 -0 

-1- 6-5 

-1- 2-1 

29-2 

8 -no 

- 2*6 

- 1-4 

“]•' 3-2 

4- 7-3 

4- 7-7 

4- 7-7 

4- 5-8 

4- 5-5 

4- 7-G 

■1 . 1 -8 

4- 0-3 

-1- 0-8 

•15-G 

1-09 

- 2*0 

- 0-3 

- 0-8 

-1- 3-3 

-f 7-1 

-f 9-5 

-1-12-6 

4-11-7 

-1- 8-2 

4- 6-3 

4- 5-5 

-1- 1-8 

22-3 

5-47 

- 2*8 

- 1-2 

+ 2-0 

-)■ 7-2 

+ ()-2 

-f G-9 

4- 8-9 

-1- (1-1 

.|_ i-i 

-1- 2-G 

-I- i-r, 

0-9 

16-2 

n-87 

- 4*7 

- 1-7 

-h 6-4 

4- 9-9 

4-12-5 

-411 -B 

-1-11 -1 

H- 6-5 

4- 9-2 

•1- 5-B 

•f 3-5 

-f 1-7 

25-3 

7-02 

- 6-1 

2' B 

H- 7-8 

-F-11-5 

4-17-7 

-(-17-4 

-1-17-2 

-1-17-3 

-112-G 

-1- 8-5 

■1- 3-9 

-1- 0-7 

32-2 

9-75 

- 4-1 

-f 3-7 

-1-15-9 

-(-28-1 

4-30-2 

-l-2(i-() 

-1-23-0 

•1-18-3 

-1-14 -7 

-1- G-'.) 

-1- 2-« 

4- 0-3 

54-9 

J4-19 

-12-8 

0-0 

4-11-2 

■f25-3 

4-33-5 

-1-3-1 -2 

4-33-7 

4-38-2 

-1-20-8 

-llG-3 

1-12-0 

-1- 2-0 

78-9 

18-98 


3 Seasons and the Year from 10 Quieter Days a Month. 


13 h. 

14 h. 

1,') h. 

16 h. 

17 h. 

18 h. 

19 h. 

2Uh. 

21 h. 

22 h. 

23 h. 

24 h. 

Kangi^. 

A.I). 

y 

7 

y 

y 

7 

y 

y 

7 

7 

7 

7 

/ 

7 

7 

—15 *8 

- 9-9 

+ tj - 7 

-1-22-5 

+30-4 

433 6 

-h32-4 

+ 31 -3 

H-23-5 

-1-23-5 

-1-23 ■() 

+17*1 

74-7 

21 -80 

-15-3 

- 5-6 

+ 10-0 

4-24-1 

4-29-7 

+35-5 

+45-5 

446-0 

+16-0 

+42-2 

-f-25 -0 

414 -G 

89 -3 

27-11 

-IJ -2 

- 3-7 

-H 2-6 

+ 11-3 

+ 17-6 

H-21 -9 

-(-27-9 

429-0 

+27*9 

H-18-2 

+12-5 

411-3 

57-2 

15-59 

- 5-9 

+ 0-7 

+ 3-6 

+ J0-9 

4-1 6 -5 

-M9--1 


430-6 

+ 19-6 

+ 13-5 

-1- 9-2 

5-8 

51 -5 

12-91 

- 5-6 

- 3-8 

+ 2*5 

-h 6-3 

4- 8-9 

+ 10-7 

413-4 

^•J2•3 

-1 1 1 -5 

+ 7-8 

•4 3-6 

-f 3-H 

2-1 •() 

6-97 

- 2-8 

- 0-6 

+ 0-8 

+ 4-1 

4 - 8-4 

+ 12-2 

414-5 

+ 12 -() ; 

+ 1 1 -3 

H-n 

+ 6-7 

+ 2-7 

26-2 

6-82 

- 3-0 

-- 0*3 

+ 0-7 

- 1 - 6-3 

4 - 7 -fj 

411-2 

- 1 - 12-6 

413-5 

4 9-1 

4 7-4 

4 4-1 

- 1 - 1 -8 

25-8 

6-20 

- 4-0 

- 1*6 

+ 4-3 

4 - 9-6 

4-11 -8 

412-0 

414-2 

412-4 

-^ 1 J -8 

4 7-7 

4 48 

-4 0-8 

2 ( 5 -9 

7 - 6 ] 

- 6 -] 

+ 1-4 

+ 8-3 

4 - 15-4 

4 - 21-9 

421-0 

420 -G 

415-8 

- 1 - 11-4 

4 6-9 

4 4 -fi 

- 1 - 0-1 

40-1 

10-60 

0-0 

+ 9-7 

+ 15-7 

4 - 24-4 

- 1-30 8 

425-7 

422-9 

419-5 

•• fl 4-4 

4 8-4 

4 3-4 

4 2-2 

55-0 

14-76 

- 10 -9 

4 “ 4-0 

+ 15-8 

4 - 26-6 

H - 33-8 

438-5 

437 -G 

437-2 

42 . 3-7 

415-7 

4 B-S 

4 4-9 

80-9 

20-67 

— 12*7 

— 4-6 

+ 8-6 

4 - 13-4 

• 430-1 

436-3 

430 -G 

429-6 

427-7 

425-2 

4 14 - 3 

4 5-6 

78-8 

19-08 

- 7-8 

- 1*2 

+ 6-6 

4 - 14-6 

- 1 - 20 -6 

423-2 

424-8 

424 -2 

419-8 

415-4 

410-0 

4 5-9 

48-5 

13-84 

- 3-8 

— 1-6 

+ 2*1 

4 - G-C 

■4 9-2 

411-5 

413-7 

412-7 

410-9 

4 7-9 

4 4-8 

4 2-3 

25-1 

6-82 

— 5-8 

4 - 2-0 

+ 7-6 

- fl 5-5 

4 - 21-7 

422-0 

424-2 

423-7 

418-3 

4 11-8 

4 7-4 

4 4-9 

46-5 

13-26 

- 13-7 

- 4-0 

+ 10-0 

4 - 21-6 

4 - 31-0 

436-0 

436-5 

436-0 

4 

! ^ 
9 

i_^ 

426-6 

417-8 

410 - 6 ' 

78-1 

21-81 
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Table XIV. — Diurnal Inequality in S' in 


— 

1 h. 

2h. 

3 h. 

4h. 

51i, 

eh. 

7 h. 

8 h. 

9Ii. 

10 h. 

11 h. 

12 h. 

1911— 

y 

7 

y 

y 

V 

y 

y 

y 

y 

7 

7 

y 

Feb. 

-63*1 

-712 

-70-4 

-60-1 

-56-2 

-48-7 

-30-9 

—21-4 

+ 2-4 

+21-9 

+45-2 

+44*1 

Mar. 

-63*1 

-47-7 

-43*3 

-44-4 

-31-2 

-30-8 

-15-8 

— 3-4 

+ 7-5 

+19*6 

+31*0 

+46*6 

April 

-52-7 

-66 3 

-41*3 

-33-6 

-35-4 

-23-1 

-15-8 

— 4-3 

+10-9 

+ 19*1 

+40*5 

+43-4 

May 

-31-2 

-36-8 

-31*4 

-26*8 

-21-5 

-17-2 

- 9-1 

— 3-1 

+ 7-6 

+ 9-6 

+21-2 

+19-7 

June 

-19-6 

—16-0 

-17«5 

-16-3 

-16*2 

-11-0 

- 8-0 

— 11 

+ 3*4 

+ 9*0 

+15-3 

■4-22-8 

July 

-23 -5 

-28 '5 

-26-0 

-29-2 

-27-5 

-21-2 

-12-4 

— 5-8 

+ 3-4 

+10*7 

+18*2 

-t-29-6 

Aug. 

-21-6 

-20-6 

-24-6 

-21-5 

-18-4 

-11*9 

- 7-2 

— 1-8 

+ 5-1 

+ 9*6 

+20-5 

-4-19-7 

Sept. 

-27-6 

-25-5 

-28-0 

—27-1 

-16-4 

-12-6 

- 61 

— 1-5 

+ 4-4 

+ 11*7 

+18-2 

-4-22-5 

Oct. 

-33-2 

-35-2 

-33-8 

—28-2 

-21-4 

-14-0 

- 90 

— 0-3 

+ 8-5 

+ 13*5 

+21-6 

-1-28-8 

Nov. 

-34*0 

-39*1 

-39 6 

-36-9 

—27-6 

-21-6 

-12-2 

— 5-8 

+ 2-6 

+ 9*8 

+18*3 

-4-31-4 

Deo. 

-33-6 

-37-4 

-39-4 

-42-4 

-42 6 

-36-1 

-21-0 

— 7-2 

-10-2 

- 0*8 

+1G-3 

-1-30-8 

1912— 

Jan. 

-37-4: 

-39-4 

-35-8 

-35*3 

-26*7 

-25-0 

-19*4 

—14-7 

- 8-5 

+ 7*0 

+ 17*3 

-4-32-5 

Feb. 

—25-6 

—27-5 

-29-4 

-31 8 

-29-0 

-26-1 

-16-0 

-15-8 

- 7-5 

- 0*5 

+11-4 

-fl5-5 

Mar. 

-22-8 

-26-2 

-25-9 

-21-4 

-19-4 

-13-1 

- 7-7 

— 0-6 

+ 5-1 

+ 9*5 

+24*5 

-1-21-9 

April 

-20-1 

-18-7 

-18-9 

-16-3 

-17*9 

-11-2 

- 8*5 

+ 0-4 

+ 5-4 

“|-10 * 3 

+ 15*5 

-4-22-2 

May 

-11-0 

- 9-3 

- 9-1 

-11-7 

- 9*7 

-10-0 

- 4-4 

— 0-1 

+ 4-2 

+ 8-0 

+13*0 

-4-17-9 

June 

-16-7 

-17-4 

-14-4 

-10-5 

- 9*2 

- 7-2 

- 5-6 

+ 0-3 

+ 2-3 

+ 3-5 

+ 8*1 

-4-15-0 

July 

-14-6 

-13-8 

-14-3 

-13-4 

-10*4 

- 8-4 

- 5-5 

— 0-3 

+ 4-0 

+ 5-4 

+ 10*0 

-4-16-1 

Aug. 

-13-8 

-14-5 

-16-4 

-14-9 

-17-1 

-13*0 

- 7-5 

— 1-2 

+ 3-5 

+ 8-7 

+11*3 

-4-22-3 

Sept. 

-17-8 

-15-2 

-14 -9 

-17*8 

-15-8 

-15*3 

-10*8 

— 3-2 

+ 4-8 

+ 7-2 

+10*6 

-4-17-9 

Oct. 

-24-3 

-24-4 

-24-6 

-25*0 

-24-2 

-14*7 

- 7-6 

— 2-1 

-1- 4-7 

“f'13*2 

+ 18*3 

-430-3 

Nov. 

-31 1 

-26-7 

-29-1 

-26*9 

-24-6 

-18*6 

-21*1 

— 9-3 

+ 8-5 

+ 9-4 

4-12*0 

-423-9 


Table XV. — ^Diurnal Inequality in S' for the 12 Months, 


— 

1 h. 

2h. 

3 h. 

«lh. 

5h. 

Oh. 

7 h. 

8 h. 

9h. 

10 h. 

11 h. 

12 h. 

Jan. 

y 

-37-4 

y 

- 39-4 

y 

-36-8 

7 

-35*3 

y 

-26-7 

7 

-25*0 

7 

-19*4 

y 

-14-7 

7 

- 8*5 

y 

+ 7-0 

7 

+ 17*3 

y 

-1-32 -5 

Feb. 

-44-4 

-49-3 

- 49-9 

-46-0 

-42-6 

-37*4 

-23-4 

—18*6 

- 2*6 

+10*7 

-f28-3 

4-29-8 

Mar 

- 38-0 

-36*9 

-34*6 

-32-9 

-25-3 

-21*9 

-11*7 

— 2*0 

-f 6-3 

-1-14-6 

+27*7 

4-34-2 

April 

-36-4 

- 42-5 

-30*1 

—25-0 

-26*6 

-17*1 

-12-1 

— 2*0 

+ 8-2 

+14*7 

-1-28 -0 

4-32-8 

May 

-2M 

-23-1 

-20-3 

-19*2 

-15*6 

-13*6 

- 6*7 

— 1*6 

-h 5-9 

+ 8*7 

+17*1 

4-18-8 

June 

-18-2 

-16*7 

-15*9 

-13*4 

-12*7 

- 9*1 

- 6*8 

— 0*4 

-t- 2-9 

-h 6-3 

+11*7 

4-18-9 

Jiily 

~19*0 

-21-1 

-20-2 

- 21-3 

-18*9 

-14-8 

— 8*9 

— 3-1 

-j- 3-7 

+ 8-0 

-fl4-l 

4-22-9 

Aug 

-17*7 

-17-5 

- 20-5 

-18-2 

-17*7 

-12-5 

— 7*3 

— 1-6 

+ 4-3 

-F- 9-2 

-1-15-9 

-1-21 -0 

Sept. 

-22*7 

-20-4 

-21 -5 

-22-5 

-16*1 

-14-0 

- 8*4 

— 2-4 

-f- 4-6 

+ 9-4 

4-17-4 

-1-20 -2 

Oct 

-28*8 

- 29-8 

-29-2 

-26-6 

-22*8 

-14-3 

- 8*3 

— 1-2 

-1- 6-6 

-hl3-3 

-1-20 -0 

4-29-6 

Nov. 

-32*6 

-32-9 

- 34-3 

-31-4 

-26*0 

-20-1 

—16*7 

— 7-6 

+ 5-5 

-f 9-6 

-1-15-2 

4-27-7 

Deo. 

-33*6 

-37-4 

-39-4 

-42-4 

- 42*6 

-36-1 

—21*0 

— 7-2 

-10-2 

- 0-8 

-fl6-3 

4-30-8 

Year 

-29 *2 

- 30-6 

-29-3 

-27-8 

-24*5 

-19-7 

— 12*6 

— 5-2 

-1- 2-2 

■f 9-2 

-I-19-1 

4-26-6 

Winter 

-19*0 

-19-6 

-19-2 

-18-0 

-16*2 

-12-6 

— 7*4 

— 1-7 

-b 4-2 

-1- 8-0 

-1-14-7 

4-20-4 

Equinox ... 

-31*5 

- 32-4 

-28-9 

-26-8 

-22*7 

-16-8 

—10*1 

— 1-9 

-b C-4 

-1-13-0 

-1-23 -3 

4-29-2 

Summer 

-37-0 

-39-7 

- 39-8 

-38-8 

-34*5 

-29-6 

—20*1 

—12-0 

-4-0 

-h 6-6 

-1-19-3 

4-30-2 
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Individual Months from all Complete Days. 


h. 

14 h. 

15 h. 

16 h. 

17 h. 

18 h. 

10 h. 

20 h. 

21 h. 

22 h. 

23 h. 

24 li. 

Raug(5. 

A.D. 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

+67-8 

+89-9 

+88*4 

+91-3 

+58-7 

+ 30-C 

+13-4 

+ 3*4 

--19 *5 

-30*1 

-38*1 

-47-2 

162-5 

46-42 

+49-8 

+641 

+58-6 

+5G-1 

+58-9 

+37-1 

+]l-() 

- 7-] 

-27-2 

-37 *3 

-44-9 

-54-4 

118-5 

36*73 

+49*0 

+59*8 

+66-6 

+64-0 

+ 42-7 

+38-9 

+ 8*7 

- 8*4 

-23-8 

-31-7 

~50-G 

-57-3 

132-9 

37*00 

+26-8 

+34*0 

+40-7 

+30-8 

+23*3 

+21*2 

+12-6 

-- 1 *7 

_ 4-8 

-16-5 

-21*7 

-25-8 

77-5 

20-63 

+29-4 

+28-7 

+23-1 

+27*3 

+28-8 

+14-3 

- 0*2 

- 3-9 

-10-4 

-24 -0 

-30-4 

-26-6 

59*8 

16-80 

+33-0 

+31 -6 

+38-9 

+29-0 

+26-9 

+21-8 

+ 5-8 

+ 0*6 

~l,3-4 

-19-2 

-18-2 

-24-1 

68-1 

20-77 

+25 -7 

+34-9 

+30-1 

+25-3 

+22-8 

+14*5 

+ 3-8 

- 6*9 

-lG-4 

-18-9 

-21-8 

-20-0 

59*5 

17-65 

-1-28 -4 

+35-3 

+35-7 

+39-6 

+30 *8 

+20*0 

- 0-7 

~ 7*3 

-16-8 

-28-9 

-23-9 

-24-8 

68-5 

20-58 

+40-2 

+38 * 8 

+37*0 

+35-3 

+29-5 

+21-8, 

+ 8-4 

- 5*5 

-17-3 

-32-3 

-24-1 

-28*9 

75*4 

23-61 

+39-9 

+42-5 

+54-5 

+50-3 

+38-8 

+22-6 

+ 7-8 

- 2-2 

--14*9 

-28*4 

-25 *G 

-32-2 

94-1 

26-56 

+41, -5 

+49-2 

+56-4 

+60-3 

+4G-0 

+35-2 

+18-1 

+ 7-3 

- G-9 

-20-3 

-•23-9 

-29-8 

99-0 

29-28 

+40-3 

+44-4 

+44-4 

+4M 

+31-3 

+25-5 

+11-8 

+ () * 2 

-- 1-4 

-12-3 

-20-8 

-25-1 

83-8 

25-15 

+27-2 

1+38-2 

+46-2 

+51-4 

+37*3 

+20-7 

+18-0 

+ G*0 

- 8-0 

-17-5 

-20-8 

-22-4 

83-2 

23-16 

+26-2 

+34-4 

+30-5 

+2fi-3 

+20 ■ 5 

+14-5 

+ ()-3 

3*8 

-12-0 

-22-3 

-24-2 

-19-3 

(K)-6 

18-29 

+22-8 

+27-9 

+20-9 

+26-9 

+20-3 

+11-8 

+• 4-0 

^ 3*3 

-14-2 

-22-3 

-22-4 

-21 -5 

50-3 

16-24 

+23-6 

+25-0 

+18-1 

,+14-7 

+11-9 

+ 6-8 

- 0-8 

- 9*5 

-12-5 

-13-3 

-19-1 

-22-5 

47-5 

11-93 

+13-6 

+17-2 

+19-0 

; + 17-9 

+14-3 

+10-2 

+ 4-7 

- 0*4 

- 6-4 

- 8-7 

-14-3 

-16-1 

36-4 

10-54 

+16'4 

+19 0 

+17-1 

+ 14-8 

+ 17-3 

+12-0 

+ 3-1 

-- 2*G 

- 7-9 

-12-4 

-1.5-5 

-15-7 

34-7 

11-26 

+22-0 

+26-7 

+25-4 

+24-8 

,+J8-l 

+ 9-3 

- 0-5 

- 7*0 

-11-7 

-17-2 

-19-0 

1-18-4 

45-7 

14-35 

+27-0 

+31 -4 

+33-0 

+28-7 

+20-3 

+ 9-3 

+ 2-1 

- 7*3 

-14-3 

-18-3 

-23-6 

-23-5 

56-6 

16-50 

+32-5 

+32-3 

+33-6 

+30 -J 

+22-2 

+ 10-8 

+ 4-2 

_ 7*5 

-13-2 

-24 -.1 

-- I 9-9 

-20-8 

58-6 

19-36 

+34-4 

+45-7 

+47-3 

+40 * 1 

+ 33-5 

+20-1 

+ 8-9 

--10*2 

-12-5 

1 

-20-3 

1 

— 2G-G 

-27-2 

78-4 

1 

24-17 


3 Seasons and the Year from all Complete Days. 


13 h. 

14 h. 

15 h. 

IG h. 

17 h. 

18 h. 

19 U. 

20 h. 

21 h. 

22 h. 

23 li. 

23 6. 

Haug(\ 

XA). 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

+ 40*3 

+44*4 

+44-4 

+ 41-1 

+31 *3 

+ 25-5 

-(- 11-8 

+ 6-2 

- 1-4 

- J 2*3 

- 20-8 

- 25-1 

83*8 

25-15 

+ 47-5 

+ 64-1 

+ 67*3 

+71-4 

+ 48*0 

+ 28*7 

+ 15-7 

- 1 - 4-7 

- 13-8 

- 23-8 

- 29-5 

- 34.-8 

121-3 

34-68 

+ 38-0 

+49-3 

+ 44-6 

+ 41*2 

+ 39*7 

+ 25-8 

+ 8*9 

- 5-4 

- 19*9 

- 29-8 

- 34-5 

- 36-8 

87-3 

27-50 

+ 35-9 

+ 43*8 

-!-46-8 

+ 45-5 

+31 - T ) 

- 1 - 25 -4 

+ ()*4 

5*9 

- 19*0 

- 27-0 

- 36*5 

™- 39*4 

89-3 

26-61 

+ 25*2 

+29-5 

+ 29-4 

+ 22*8 

+ 17*6 

+ 14-0 

+ 5*9 

— 5-6 

- 8*7 

- 14*9 

—20 *4 

-24-1 

53 * (5 

16*24 

+ 21-5 

+22-9 

+ 21-1 

+22 * 6 

+ 21-6 

+ 12-3 

- f - 2*2 

- 2-2 

- 8*4 

- 16*4 

-22-3 

-21 -3 

45*2 

13-66 

+ 24*7 

+ 25-3 

+28-0 

+21 - 9 

+ 22-1 

+ 16-9 

+ 4-4 

- 1 *0 

- 10-7 

- 15-8 

- 16-9 

- 19-9 

49-3 

15-98 

+ 23*9 

+ 30-8 

+ 27-8 

+ 25-1 

+ 20-5 

+ 11-9 

+ 1-6 

- 7-0 

- 14-1 

- 18-0 

- 20-4 

- 19-2 

51-3 

15-98 

+ 27*7 

+ 33-4 

+34-3 

+ 34-1 

- 1 - 25-5 

+ H -7 

+ 0-7 

- 7*3 

- 15-5 

- 23-6 

- 23-7 

-24 -1 

58-4 

18-51 

+ 36*3 

■ 1 - 35-5 

+ 35-3 

+ 32-7 

+ 25-9 

+ 16-3 

- j - 6-3 

- 6*5 

- J 5-2 

- 28-2 

- 22-0 

- 24-9 

66-1 

21-48 

+ 37*1 

+ 44-1 

+50-9 

+ 48-2 

+ 36-2 

+ 21-3 

-(- 8-4 

6*2 

- 13-7 

- 27-4 

- 26-1 

- 29-7 

85-2 

25-37 

+ 41*5 

+ 49-2 

+56-4 

+ 50-3 

+ 46-0 

+ 35-2 

+ 18-1 

+ 7*3 

- 6-9 

- 20-3 

- 23-9 

- 29-8 

99-0 

29-28 

+ 33*3 

+ 39-4 

+40-5 

+ 38-1 

+ 30-5 

+ 20-7 

+ 7-5 

2*4 

- 12-3 

- 21-6 

- 24-7 

- 27-4 

71-1 

22-26 

+ 23*8 

+27-1 

+ 26-6 

+ 23-1 

+ 20-4 

+ 13-8 

+ 3-6 

- 4*0 

- 10-5 

- 16-3 

- 20-0 

-21-1 

48-2 

15-46 

+ 34*5 

+40-5 

+ 40-3 

+ 38-4 

+ 30-7 

+ 20-6 

+ 5-6 

- 6*3 

- 17-4 

- 27-2 

- 29-2 

-31 -3 

72-9 

23-54 

+ 41*6 

1 + 50-5 

+54 *8 

+ 52-8 

+ 40-4 

+ 27-7 

+ 13-5 

+ 3*0 

- 9-0 

- 21-0 

- 26-1 

- 29-8 

94-6 

28-37 
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Table XVI. — Diuxiial Inequality in S' in 


— 

1 h. 

2 h. 

3 h. 

4:h. 

1 

■5h. I 

6 h. 

7 1i. 

8 h. 

9 h. 

10 h. 

11 h. 

12 li. 

1911— 

V 

y 

V 

rZ r . 

y 

y 

y 

y 

y 

y 

y 

y 

Feb. 

-4:6 -0 

-53*5 

-49-2 

- 65-8 

-54-0 

-41*6 

-16*6 

-10-8 

+ 2-9 

+20-9 

+30-8 

+38*3 

Mar. 

—31-1 

-29-8 

-32-9 

— 33-7 

-26-7 

-19*9 

-11-9 

- 1-6 

+ 3-2 

+ 8-2 

“f*! 1 ‘ 4 

+17-1 

April 

- 27-6 

-20-6 

-20-6 

-14-5 

-20-3 

-17-2 

-14-1 

- 0-6 

+ 9-8 

+10-1 

+17-5 

+14-8 

May 

-15 1 

-13-6 

-15-0 

.—10-9 

- 8-1 

- 7-8 

- 7*2 

- 2-1 

+ 4-7 

+ 4*1 

+ 8-6 

+ 10-1 

June 

- 6-8 

- 7-3 

- 8-9 

- 8-5 

- 7-5 

-10-5 

- 6-6 

+ 0-8 

+ 6-9 

+ 7-0 

+ 7-4 

+ 8-9 

July 

-10-8 

-13-5 

-10*8 

-18 0 

-17-4 

-17-3 

-10*5 

- 4-8 

-f- 3 "S 

+ 6-G 

+ 9*7 

4“ 8 *4 

Aug. 

-11-2 

-11-4 

-12 9 

-11*6 

- 9-1 

- 4-3 

- 3-1 

+ 0-1 

+ 6-9 

+ 6-3 

+10-6 

+10*7 

Sept. 

-16-6 

-13-1 

-10-3 

-10-2 

- 5-5 

- 6*7 

+ 1-6 

+ 0-6 

+ 6-1 

+ 7-7 

+12-2 

+12-1 

Oct. 

-20-7 

- 22-8 

-19-7 

—19-2 

-16-9 

-14-6 

- 9-6 

- 3*2 

-f“ b *3 

+13-6 

+16-3 

+22-7 

Nov. 

-21-6 

-23-5 

-22-6 

—26 2 

-23-7 

-18-2 

- 3-8 

- 0-4 

+10-1 

+13-1 

+ 17-0 

+19-7 

Dec. 

-19-8 

-22-5 

-26*5 

- 30*4 

-30-0 

-27-2 

-21-9 

-10*8 

- 1-0 

+ 5-8 

+18-7 

+24-0 

1912- 













Jan. 

-27-1 

-27-8 

-28-4: 

- 29-7 

-26-9 

-22-8 

-20-2 

-19-0 

— 3-0 

+ 5-6 

4-17‘8 

+28-1 

Feb. 

-18-4 

-21-3 

- 23-4 

-21*2 

-20-8 

-19-8 

-11-3 

-19-1 

- 1-2 

■f 1-4 

H-13-7 

+ 14-4 

Mar. 

-13-9 

-15-9 

-12‘1 

-11-3 

- 8-9 

- 6-4 

- 1-3 

+ 1*9 

+ 5-1 

+ 9-4 

+ ]()•(; 

+ 12-4 

April 

- 18-7 

-15-4 

-10-6 

- 9*4 

- 8-1 

- 6-1 

- 3-8 

+ 0-6 

+ 4-9 

+ 8-7 

+ 11-7 

+ 16-4 

May 

- 5-9 

- 4-9 

- 8'3 

- 8-2 

- 5-2 

- 5-3 

— 2-2 

+ 1-9 

+ 3-8 

+ 2-7 

+ 7-0 

+ 7-2 

June 

- 6-3 

- 5-0 

- 6*9 

— 7-0 

- 5-1 

- 4-0 

— 2-3 

+ 1*3 

+ 1-7 

+ 3-3 

+ 5-4 

5-3 

July 

— 5-9 

- 3-5 

- 5-9 

— 6-4 

- 4-5 

- 3-8 

— 2-9 

- 1-3 

+ 2-8 

+ 3-5 

+ 5-1 

+ 7-1 

Aug. 

- 6-5 

- 5-9 

- 6-7 

- 6*2 

- 9-1 

- 9-8 

- 5-6 

- 0-6 

+ 3-3 

+ 3-0 

+ 7-5 

+ 10-7 

Sept. 

-12-6 

- 8-1 

- 9-0 

- 9-9 

- 8-9 

- 6-2 

- 2-8 

- 1-7 

+ 6-1 

-h fi-3 

+ l()-9 

-l-irj-i 

Oct. 

-17-6 

-14-5 

-16-4: 

-201 

-15-5 

-11-0 

- 3-8 

+ 3-8 

+ 3-8 

+11-5 

+15*9 

“1"20 '3 

Nov. 

-18-5 

-14-5 

-16-0 

—13-4 

-18-4 

-14-5 

-20-2 

- 7-7 

+ 7-4 

+12-5 

+ 13*9 

-1-23-4 


Table XVII. — Diurnal Inequality in S' for the 12 Montlis, 



1 h. 

2h. 

3h. 

4 h. 

5h. 

6 h. 

7 h. 

8h. 

9 h. 

10 h. 

11 h. 

12 h. 

Jan. 

y 

-27-1 

y 

-27-8 

y 

-28-4 

y 

- 29-7 

y 

-26-9 

y 

-22*8 

y 

-20 -2 

y 

-19*0 

y 

- 3-0 

y 

-f 5-f5 

y 

-h]7-8 

y 

4-28-1 

Feb. 

-32-2 

-37*4 

-36-3 

- 43-5 

-37-4 

-30-7 

—13-9 

-14-9 

+ 0-8 

+11-1 

+22-2 

4-20-3 

Mar. 

-22-5 

-22-8 

—22-5 

-22-5 

-17*8 

-13-1 

- 6-6 

-!- 0-1 

4-1 

-1- 8-8 

+ 11-0 

+ 14*7 

April 

— 23-1 

-18-0 

-16-5 

-11-9 

-14*2 

-11-6 

- 8-9 

0*0 

-f 7-3 

-1- 9‘4 

+14*6 

+ 15*6 

May 

-10*5 

- 9-2 

- 11-6 

- 9-5 

- 6*6 

- 6-5 

- 4-7 

- 0-1 

+ 4-2 

3-4 

+ 7-8 

-h 8-0 

June 

- 6-5 

- 6-1 

... 7.4 

- 7-7 

- 6*3 

- 7-2 

- 4-4 

-f 1-0 

+ 3-8 

-1- 5-1 

+ 6-4 

-f- 7-1 

July 

- 8-3 

- 8-5 

- 8-3 

- 12-2 

-10*9 

-10*5 

— 6-7 

- 3-0 

-f 3-1 

-1- 5-0 

-1- 7-4 

4- 7-7 

Aug. 

— 8-8 

- 8-6 

- 9-8 

- 8-9 

- 9-1 

- 7*0 

- 4-3 

- 0-2 

+ 5-1 

-t- 4-6 

i-t- 9-0 

4-10-7 

Sept. 

-14-6 

-10-6 

- 9-6 

-10-0 

- 7*2 

- 6*4 1 

- 0-6 

- 0-5 

+ 5-6 

+ 7-0 

-I-11-5 

,4-13-6 

Oct. 

-19*1 

-18-6 

-18-0 

-19 6 

-16*2 

-12*8 

- 6-7 

-f 0-3 

-f 4-5 

-I-12-5 

-1-16-1 

4-21-5 

Nov. 

-20-0 

-19-0 

-19-3 

-19-8 

-21*0 

-16*3 

-12-0 

- 4-0 

-f 8-7 

-1-12-8 

-K15-4 

4-21-5 

Dec. 

-19*8 

-22-5 

-26-5 

- 30-4 

-30*0 

-27*2 

-21-9 

-10-8 

- 1-0 

-1- 5-8 

-t-18-7 

4-24-6 

Year 

—17-7 

-17-4 

-17-8 

- 18-8 

-17-0 

-14*3 

- 9-2 

- 4-3 

-1- 3-6 

-1- 7-6 

-fl3-2 

4-16-7 

Winter 

- 8-5 

- 8-1 

- 9-3 

— 9-6 

- 8-2 

- 7*8 

- 5-0 

- 0-6 

-t- 4-1 

■+- 4-5 

+ 7-7 

4- 8-5 

Equinox 

- 19*8 

-17-5 

-16-4 

-16-0 

-13-8 

-11-0 

- 5-7 

0-0 

5-4 

-f 9-4 

-I-13-0 

4-16-4 

Summer 

-24*8 

-26-7 

-27-6 

- 30-8 

-28*8 

-24*2 

-17-0 

-12-2 

-h 1-4 

-t- 8-8 

-I-18-5 

4-26-1 
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Individual Months from 10 Quieter Days a Month. 


13 h. 

U h. 

15 h. 

16 h. 

17 h. 

18 h. 

19 h. 

20 h. 

21 h. 

22 h. 

23 h. 

24 h. 

Range, 

A.D. 

r 

y 

y 

y ■ 

y 

y 

y 


y 

J . 

y 

y 

y 

y 

y 

+ 53-6 

+ 65-8 

+ 68-9 

+79 0 

+ 43-3 

+ 20-6 

+ 16*8 

+ 11*1 

- 22*1 

- 28*5 

- 28*1 

- 36*2 

144*8 

37*68 

+ 27-0 

+ 34-7 

+ 43-6 

+46-7 

+ 39-5 

- 1-21 • 1 

+ 5*4 

+ 

3*7 

- 7*8 

- 15*0 

- 22*8 

- 29*0 

80*4 

21*83 

+ 23-5 

+ 29-3 

+35-7 

+ 28-8 

+ 25-8 

+ 22 -G 

+ G *3 


4*8 

- 11*6 

- 21*4 

- 24*2 

- 26*5 

03*3 

18*67 

+ 12-1 

+ 14-0 

+ 13*3 

-f- 14* 1 

- j -12 • 6 

+ 7-8 

+ 9*3 

+ 

0*9 

- 3*5 

- G *3 

- 9*2 

- 13*5 

29*2 

9*33 

+ 12-0 

+13-7 

+ 13*6 

+ 13-2 

- j -12 *8 

-t- 6*7 

+ 1*6 

-- 

2*0 

- 9*1 

-12*5 

- 11*2 

- 12*1 

26*2 

8*61 

+ 14-0 

+ 15-9 

+28-7 

+ 24*2 

+ 19-4 

+ 14-4 

+ 4*7 

— 

2*1 

- 9*1 

- 11*0 

- 13*2 

- 10-0 

46*7 

12*42 

+ 16-2 

+171 

+ 12-3 

+ 11-6 

+ 11-5 

+ 5-7 

+ 1*5 

— 

6*1 

- 7*3 

- 11*2 

- 11*6 

- 12*2 

30*0 

9*22 

+ 18-2 

+20 0 

+ 1 G-G 

+] 5*5 

+ 12-4 

+ 5-9 

- 2 -(i 


7*2 

-11 *1 

- 14*5 

- 15*1 

-17*0 

37*0 

10*78 

+ 24-0 

+ 23-1 

+25-1 

+ 24-2 

+ 18*4 

-f 8 *G 

+ 3*6 

— 

2*6 

- 9*8 

- 11 -G 

- 13*4 

- 20*1 

47*9 

15*38 

+ 25-2 

+ 28-1 

+ 33-0 

+35 1 

+ 25-3 

+ 13-3 

+ 1*3 

— 

G *2 

- 14*0 

- 19*6 

- 21*3 

- 19*7 

Gl *3 

18*42 

+ 21-3 

+ 28-0 

+32-2 

+32-2 

+ 31 -1 

+ 21-9 

+ 11*1 

+ 

8*5 

+ 0*6 

- 8*9 

- 10*6 

- 22*3 

C 2 *C 

19*70 

+ 27 -7 

+ 31-7 

+36 "3 

+ 34-9 

+ 33-6 

+ 23*3 

+ 13*1 

+ 

2*9 

- 5*0 

~ 0*0 

- 17*9 

- 21*7 

GG *0 

21*27 

+ 23-0 

+ 30-7 

+ 31-6 

+42 0 

+ 31-9 

+ 20*4 

+ 12*0 


0*2 

- 10*3 

- 14*3 

- 19*5 

- 19*8 

65*4 

18*40 

+ 12-9 

+ 14-5 

+ 15-5 

+20 6 

+ i 7 -r 

+ 9*4 

+ 4*4 


1*8 

- 12*2 

- 14*3 

-19*6 

- 17*0 

40*2 

11*19 

+ 14-3 

+ 14-4 

+ 13-7 

+ 11-5 

+ 10-4 

+ 7*9 

+ 2*1 


3*1 

- 5*0 

- 11*0 

- 13*2 

1 - 12*8 

35*1 

9*74 

+ 9-4 

+ 11-6 

+ 10-4 

+ 8-6 

+ 5-0 

+ 2*4 

+ 0-4 

— 

5*4 

- 8*7 

- 5*5 

- 5 *G 

- G*l 

20*3 

5*90 

+ 5-6 

+ 7-7 

+ 7-9 

+ 8-4 

+ 9 0 

+ G *2 

+ 4*4 

— 

2*7 

- 4*8 

- 7*1 

- 8*4 

- 8*5 

17*5 

5*65 

+ 10-1 

+12-5 

+ 7-1 

+ 10-8 

- f - 5*7 

+ 2*5 

- 0*2 

— 

4-2 

- 5*6 

- 6*9 

- 8*3 

- 8*3 

20*8 

5*62 

+ 11-3 

+ 10-6 

+14-2 

+ 13 -] 

+ 10*3 

+ 5 *G 

+ 0-8 


3*9 

- 8*0 

- 9*2 

- 8*9 

- 9*3 

24*0 

7*60 

+ 18-3 

+ 18-9 

+19-8 

-t 13-3 

-Ml *5 

+ 3*4 

- 0*3 


7*3 

- 12*7 

- 13*8 

- 11*2 

-15*8 

35*6 

10*26 

+ 27-2 

+28-8 

+ 23-0 

+ 15 -0 

+ 1 M 

+ (M 

- 0-3 

- 12*4 

- 12*8 

- 13*1 

- 14*7 

- 15*0 

48*9 

13*90 

+ 28-2 

+35-7 

+ 29-2 

+ 21-0 

- 1 - 20*0 

+ 8 * 1 

+ 4*7 

— 

7*5 

- 14*7 

- 19*4 

-22*2 

- 17*2 

57*9 

17*01 


3 Seasons and the Year from 10 Quieter Days a Month. 


13 h. 

14 h. 

15 li. 

16 h. 

17 h. 

18 h. 

19 h. 

26 h. 

21 li. 

22 h. 

2a h. 

24 h. 

l^ange. 

A.]). 

y 

y 

y 

y 

y 

y 

y 


y 

y 

y 

y 

y 

y 

y 

+ 27*7 

+ 31*7 

+36 *3 

+ 34*9 

+ 33 -G 

+ 23*3 

+ 13-1 

+ 

2-9 

- 5*0 

- 6*0 

- 17*9 

- 21*7 

GG-O 

21 *27 

+ 38-3 

+ 48*2 

+ 50*2 

+60 5 

+ 37-0 

+ 20*5 

+ 14*4 

+ 

5 -G 

- 16*2 

- 21*4 

- 23*8 

- 28*0 

104*0 

27*98 

+ J 9-9 

+24 • 6 

+ 29*5 

+ 33*6 

+ 28*3 

+ 15*2 

+ 4*9 

-1- 

0-9 

- 10 -0 

- 14*6 

- 21*2 

- 23*0 

r ) G-G 

16*34 

+ 18*9 

+ 21*8 

+ 24*7 

+20-1 

+ 18*1 

+ ] 5*2 

+ 4-2 


3-9 

- 8-3 

- 16*2 

- 18*7 

- 19 *C 

47-8 

14*16 

+ 10-7 

+12 *8 

+11-8 

+ 11*3 

+ 8-8 

+ 5-1 

+ 4-8 

— 

2*2 

~ G -1 

- 5-9 

- 7-4 

- 9-8 

24*4 

7*48 

+ 8-8 

+ 10*7 

+ 10*7 

+ 10*8 

+ 10*9 

+ 6*4 

+ 3-0 

— 

2-3 

- G *9 

- 9-8 

- 9-8 

- 10*3 

21*2 

7*06 

+ 12*0 

+ 14*2 

+ 17*9 

+ 17*5 

+ 12*5 

+ 8*4 

+ 2-2 

— 

3-1 

- 7*3 

- 8*9 

- 10*7 

- 9*1 

30*1 

8*98 

+ 13*7 

+ 13*8 

+ 13*2 

+ 12*3 

+ 10*9 

+ 5*6 

+ l-I 

— 

4*5 

- 7*6 

- 10*2 

- 10*2 

- 10*7 

24*5 

8*33 

+ 18*2 

+ 19*4 

+ 18*2 

+ 14*4 

+ 11*9 

+ 4*6 

— 1*4 



7-2 

- 11*9 

- 14*1 

- 14*6 

- 16*4 

35*8 

10*40 

+ 25*6 

+ 25*9 

+ 24*0 

+ 19*6 

+ 14*7 

+ 7*3 

+ 1*6 

, — 

7*4 

- 11*3 

- 12*3 

- 14*0 

- 17*5 

45*5 

14*46 

+ 26*7 

+ 31*9 

+ 31*1 

+ 28*0 

+ 22*6 

+ 10*7 

+ 3*0 

— 

6*8 

- 14*3 

- 19*5 

- 21*7 

- 18*4 

53*6 

17*69 

+ 21*3 

+ 28*0 

+ 32*2 

+ 32*2 

+ 31*1 

+ 21*9 

+ 11*1 

+ 

8*5 

+ 0*6 

- 8*9 

- 15*6 

- 22*3 

62*6 

19*70 

+ 20*2 

+ 23*6 

+25 *0 

+ 24*6 

+ 20*1 

+ 12*0 

+ 5*2 


1*6 

— 8*7 

- 12*3 

- 15*5 

- 17*2 

43*8 

14*32 

+ 11*3 

+ 12*9 

+ 13*4 

+ 13*0 

+ 10*8 

+ 6*4 

+ 2*8 

— 

3*0 

- 7*0 

- 8*7 

- 9*5 

- 10*0 

23*4 

7*95 

+ 20*7 

+ 22*9 

+ 24*1 

+ 21*9 

+ 18*3 

+ 10*6 

+ 2*3 

— 

4*4 

- 10*4 

- 14*3 

- 17*1 

- 19*1 

43*9 

13*77 

+ 28*5 

+ 35*0 

+ 37*5 

+ 38*9 

+ 31*2 

+ 19*1 

+ 10*4 

+ 

2*6 

- 8*7 

- 13*9 

- 19*7 

- 22*6 

69*7 

21*42 
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Table XVIII, — ^Diurnal Inequality in Vertical Force in 


— 

1 h. 

2h, 

3 h. 

4h. 

5h. 

61i. 

7 h. 

8h. 

9 h. 

10 h. 

11 h. 

12 h. 

1911— 

y 

y 

V 

y 

y 

y 

y 

y 

y 

y 

y 

y 

Feb. 

+35*3 

+37-1 

+30-3 

+26-6 

+13-6 

+ 2-3 

- 2*4 

- 4*0 

-14*3 

-13*5 

-28*3 

-37*9 

Mar. 

-I-24-9 

+22-5 

+13-7 

+12-7 

+ 4-0 

- 7*7 

-14*6 

-14-5 

- 8-0 

- 7*7 

-19*3 

-27-0 

April 

+30-4 

+21-4 

+ll-() 

+ 3-1 

+ 0-4 

- 2-4 

- 6*5 

-10*4 

-15*1 

-18*0 

-24-4 

-27-9 

May 

+13*9 

+17-7 

+16-4 

+ 8-4 

+ 0-4 

- 5*3 

- 5-9 

-11*3 

-12-1 

-13-2 

-18*8 

-19*8 

June 

+14*5 

+11*6 

+ 6-0 

+ 2-7 

- 0-8 

- 5*6 

-10-2 

-11*1 

-14*4 

-14-8 

-17-4 

-17-4 

July 

+15-1 

+11-9 

+10-4 

+ 7-0 

+ 1-8 

- 3*5 

-10*6 

-16*4 

-15*0 

-19-1 

-18*5 

-17*7 

Aug. 

+11 -5 

+13-6 

+10-3 

+ 7-5 

+ 0-3 

- 3*7 

- 6*1 

- 8-4 

-11*3 

-12*8 

-13*3 

-17*0 

Sept. 

+14-0 

+14-2 

+10-6 

+ 6-4 

+ M 

- 3*3 

- 5*3 

- 7*8 

- 9-1 

- 8-8 

-12*8 

-14*7 

Oct. 

+18-9 

+20-2 

+18-0 

+16-7 

+ 7-7 

+ 5-9 

+ 3-7 

+ 0*2 

- 7*2 

-10*5 

-18*4 

-25-5 

Nov. 

+29-9 

+28-2 

-j-23 *5 

+17-7 

+ 9-1 

+ 0-5 

+ 1-4 

+ 9-5 

+ 2-4 

-13*3 

-23*5 

-29*0 

Dec. 

+34-5 

+33-7 

+30-5 

+21-2 

+20-9 

+12*0 

- 0*3 

- 8*4 

- 7*3 

-16*5 

-34*1 

—43-8 

1912— 













Jan. 

+30-2 

+34-2 

+30 1 

+23-3 

+13-0 

+ 5*3 

- 2*1 

- 6*5 

+ 2*5 

- 7*8 

-23*7 


Feb. 

+25-1 

+26-5 

+27 0 

+23-1 

+20 -S’ 

+12*5 

+ 2*3 

- 2*4 

- 7*8 

-19*7 

-28*6 

-3,5-7 

Mar. 

+16-2 

+14-0 

+15-4 

+14-3 

+ 8*1 

+ 4*7 

+ 1*7 

- 1*8 

- 5*1 

-10*1 

-14*4 

-22-7 

April 

+14-3 

+12-8 

+10-9 

+ 6-0 

+ 1-5 

- 1*0 

- 4*6 

- 7*3 

-10*1 

-12*3 

-15*3 

-18-8 

May 

+10-0 

+ 7-8 

+ 4-5 

+ 0-7 

- 1-7 

- 4*6 

- 6*8 

- 8*0 

— 9*7 

- 9*9 

-11*5 

-14-6 

June 

+ 6-6 

+ 9-0 

+ 8-9 

+ 3 ' 4 

- 1-8 

- 3*6 

- 5*2 

- 8*0 

- 9*3 

-11 *2 

-13*5 

-]3-() 

July 

+ 8-6 

+ 8-4 

+ 7-3 

+ 5-5 

+ 1-7 

- 2*8 

- 4*8 

- 6*3 

- 8*5 

- 9*4 

-10*8 

- 9-4 

Aug. 

+ 9-4 

+ 7-7 

+ 7-4 

+ 6-5 

+ 3*4 

+ 0*8 

- 3*8 

- 4*8 

- 7*9 

-10*0 

-11 *6 

-12-1 

Sept. 

+12-5 

+10-2 

+ 8*5 

+ 5-1 

+ 3*5 

+ 2*2 

- 0*7 

- 0*6 

- 2*8 

-11*8 

-14*1 

-15-8 

Oct. 

+18-5 

+21-4 

+16*3 

+11-2 

+ 6*3 

- 2*8 

- 2*2 

- 3*6 

- 3*9 

- 9*4 

-11*1 

-19-8 

Nov. 

+31-2 

+37-9 

+24-8 

+12-2 

+ 0*6 

- 9*1 

- 2*8 

- 8*5 

+ 0*6 

- 4*1 

-31*2 

-20-3 


Table XIX. — Diurnal Inequality in Vertical Force for the 


— 

1 h. 

2 h. 

3 h. 

4h. 

5h. 

6h. 

7 h. 

8 h. 

9 h. 

10 h 

Jl h. 

12 h. 


y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

Jan. 

+30-2 

+34-2 

+30*1 

+23-3 

+13*0 

+ 5-3 

- 2-1 

- 6*5 

+ 2-5 

- 7*8 

-23*7 

-27*6 

Peb. 

+30*2 

+31-8 

+28*7 

+24*8 

+17*1 

+ 7-4 

0*0 

- 3*2 

-11*0 

-16*6 

-28-5 

-36*8 

Max. 

+20*5 

+18-3 

+14-6 

+13*5 

+ 6-1 

- 1*5 

- 6-5 

- 8*1 

- 6-5 

- 8*9 

-16*9 

-24*8 

April 

+22-3 

+17-1 

+11-2 

+ 4-6 

+ 0-9 

- 1*7 

- 5*6 

- 8*9 

-12-6 

-15*1 

-19*9 

-23-4 

May 

+11*9 

+12-7 

+10-4 

+ 4-5 

- 0*6 

- 4*9 

- 6*3 

- 9*6 

—10-9 

-11*5 

-15*1 

-17*2 

June 

+10-5 

+10-3 

+ 7-5 

+ 3-1 

- 1*3 

- 4*6 

-- 7*7 

- 9*6 

-11*9 

-13*0 

-15-4 

-15-2 

July 

+11-8 

+10-1 

+ 8-9 

+ 6*2 

+ 1-8 

- 3-1 

- 7*7 

-11*4 

-11*7 

-14*3 

-14-6 

-13-6 

Aug. 

+10-5 

+10-6 

+ 8-9 

+ 7*0 

+ 1-9 

- 1-4 

- 4*9 

- 6*6 

- 9*6 

-11*4 

-12-4 

-14-5 

Sept. 

+13-3 

+12-2 

+ 9-5 

+ 5*8 

+ 2-3 

- 0-6 

- 3*0 

- 4*2 ' 

- 5*9 

-10*3 

-13-6 

-15-3 

Oct. 

+18-7 

+20-8 

+17-1 

+13*9 

+ 7-0 

+ 1-5 

+ 0*8 

- 1*7 

- 5*6 ’ 

-10*0 

-14-8 

-22-6 

Nov. 

+30-6 

+33-0 

+24-2 

+15*0 

+ 4-8 

- 4-3 

- 0*7 

+ 0*5 

+ 1*5 

- 8*7 

-27-4 

-27-6 

Dec. 

+34-5 

+33-7 

+30-5 

+21*2 

+20-9 

+12-0 

- 0*3 

- 8*4 

— 7*3 

-16*5 

-34-1 

-43-8 

Year 

, +20-4 

+20-4 

+16-8 

+11*9 

+ 6-2 

+ 0-3 

- 3*7 

- 6*5 

- 7*4 

-12*0 

-19-7 

-23-5 

Winter 

+11-2 

+10-9 

+ 8-9 

+ 5*2 

+ 0-5 

- 3-5 

- 6*6 

- 9*3 

-11*0 

-12*5 

-14-4 

-15-1 

Equinox 

.+18-7 

+17-1 

+13-1 

+ 9*5 

+ 4-1 

- 0-6 

- 3*6 

- 5*7 

- 7*7 

-11*1 

-16-3 

-21-5 

Summer 

+31-4 

+33-2 

+28-4 

+21*1 

+14-0 

+ 5-1 

- 0*8 

- 4*4 

- 3*6 

-12*4 

-28-4 

-34-0 






Individual Months from all Complete Days, 


13 h. 

Uh. 

15 h. 

16 h. 

17 h. 

18 h. 

•19 h. 

20 h. 

21 h. 

22 h. 

23 h. 

24 h. 

Range. 

A.D, 

7 

r 

y 

y 

7 

y 


y 

y 

y 

y 

y 

7 

y 

7 

- 35*9 

- 42-5 

- 38 -] 

- 31-1 

-ir)-o 

- 8*9 

— 

o*(; 

+ 7-2 

+ 18*8 

+ 29*8 

+ 37*0 

+ 3 B -2 

79 *(? 

22*74 

-30 1 

- 24-9 

- 24-4 

- 21-8 

- 7*8 

- 0-2 

-h 7-6 

+ 16*1 

+ 19*9 

+ 2 ( i -9 

+ 28 * 9 

+ 29-8 

. BO -9 

17*31 

-29 0 

- 25-5 

- 19 -() 

- 14-0 

- 4-0 

+ 5-0 

-M 

10*2 

+ 17*5 

+ 23-4 

+21 *8 

+23 • 1 

+ 27*9 

59*4 

16-38 

- 21-7 

- 20-0 

- 9-4 

- 7-0 

- 4-3 

- 7-9 

+ 11*0 

+ 7-8 

+ 17-2 

+ 14-0 

+ 17*4 

+ 10-2 

39-4 

12-38 

~ir3-o 

-n-C) 

- 9-2 

- 6-5 

+ 2-1 

+ 7-1 

+ 

6-9 

+ 13-4 

+ 15-8 

+ 17-0 

+ 16-1 

+ 20-9 

38-3 

11-17 

- 16-7 

- 14-6 

- 10-0 

- 9-1 

- 5-3 

- 0-1 

+• 

5-2 

+ 16-5 

+ 19-9 

+ 27-7 

+ 21-8 

+ 18-9 

46-8 

13-03 

~ 15*1 

- 14-7 

- 10-5 

- 7-5 

- 4-0 

- 1*5 

+ 

4*9 

+ 11 -0 

+ 15-5 

+18 *6 

+ 17*1 

+ 14'9 

35*6 

10-46 

- 17-7 

- 17*4 

- 19-3 

- 11-6 

- 6-1 

- 0-5 

4 " 

6*6 

- f ” 8*7 

+ 12-0 

+ 10 -5 

+ 25-0 

+ 18-6 

44-3 

11-17 

- 27-2 

- 24-5 

- 21-2 

- 17-0 

- 12-6 

- B -(5 

+ 

0-5 

+ 8*1 

+ 12-7 

+ 17-2 

+ 19*6 

+ 19-0 

47*4 

14-11 

- 27*8 

- 35-4 

- 32-3 

- 25-8 

- 19*3 

- 9*2 

— 

0*2 

+ 

+ 13-5 

+ 20 -S 

+ 25*2 

+ 29-1 

65*3 

17-99 

-46 0 

- 45*9 

- 37-1 

- 2 fv 4 

- 14*2 

- 4 *(> 

+ 

3-3 

+ 8*0 

+ 19-8 

+ 27-4 

+ 36-4 

+ 3 B -8 

82-4 

23-03 

-380 

- 32*5 

- 30-1 

- 22-6 

- 14*5 

- 10*7 


2-2 

+ 3 *() 

+ 10-7 

+ 1 ( 5.4 

+21 -B 

+ 27-4 

72-2 

18-19 

- 42-5 

- 39*4 

- 33-2 

- 24-5 

— 12*9 

- 3*6 


3*7 

+ 12*1 

+ 20-0 

+ 25-2 

+ 20-3 

+ 20-0 

09 -B 

20 -BO 

- 22-3 

- 23-4 

- 20-9 

- 13-9 

- 5*7 

- 1*7 

+ 

3-3 

+ 7*8 

+11 •() 

+ 13-4 

+ 16-3 

+ 16-3 

39-7 

1 1 -80 

- J 7-6 

- 16-7 

— 13-8 

- 7-6 

- 1-7 

+ 0*1 


5-9 

8*2 

+ 14-1 

+ 1 B -8 

+ 18-7 

+ 18-2 

37 -B 

10 -BB 

- 10-9 

- 8*1 

- 7-6 

- 4-9 

- 3-2 

+ 4*0 

+ 

. B-O 

+ 10*5 

+ 12-8 

+ 10-2 

+ 12-5 

+ 17-5 

32-1 

8-49 

- J 3-1 

- 10 -5 

- 6-2 

- 4-0 

+ 0*4 

+ 3*8 

“1“ 

9*2 

+ 11-2 

+ 15-4 

+ 14-2 

+ 9-4 

+ 7-1 

28 '9 

8-25 

- 8-2 

~ 9-7 

- 7-8 

- 4-8 

+ 2*2 

+ 3*6 

+ 

3*7 

+ 7*0 

+ 9-7 

+ 9-2 

+ 7-3 

+ 8-0 

20-5 

0-89 

- 13-6 

-13 6 

- 10-6 

- . 5-9 

+ 4*8 

+ 3*1 

+ 

4*6 

+ 7*8 

+ 7-8 

+ 8-7 

+ 9 *8 

+12 0 

2 B -0 

7-82 

- 17-9 

- 16-1 

- 13-7 

- 8-5 

- 6-4 

- 1*2 

+ 

4*0 

+ 7*9 

+11 -8 

+ 14-1 

H - 14-8 

+ 14-0 

32-7 

9-13 

-23 1 

- 20*9 

- 20-3 

- 14-8 

-11*2 

- 4*1 

+ 

1 *7 

+ 6*4 

+ 12-7 

+ LB -8 

+ 19-2 

+ 18-5 

44 -B 

12-30 

- 27-7 

- 29*9 

- 25- .5 

- 20-8 

- 11*2 

- 4*9 

— 

.1 *3 

+ 9*0 

+ 10-3 

+ 19 -0 

+ 2 d •() 

+ 27-2 

09-1 

10 -95 


12 Months, 3 Seasons and the Year from all Complete Days. 


13 li . 

14 h . 

l.T h . 

10 li . 

17 h . 

18 h . 

19 h . 

20 li . 

21 h . 

22 h . 

23 h . 

24 li . 

Hiinge . 

A.,1). 

y 

-38-0 

y 

- 32-5 

y 

-. 30-1 

y 

- 22-6 

7 

- 14*5 

y 

- 10-7 

1 

y 

+ 3-6 

y 

+ 10-7 

y 

+ 16-4 

y 

+21 -B 

y 

+ 27-4 

y 

72-2 

y 

18-19 

- 39*2 

-41-0 

- 35*7 

- 27-8 

- 14*0 

- ()*2 

+ 1*6 

+ 9*6 

+ 19-4 

+ 27-5 

+ 31-6 

-|-30 • G 

72-8 

21-68 

-26-2 

- 24*1 

- 22*6 

- 17*9 

- 6*8 

~ 0-9 

+ 5-5 

+12 • 2 

+ 15*4 

+ 20-1 

+ 22-6 

+23-0 

49-2 

14-32 

- 23-3 

-21 *1 

- 16*7 

- 10*8 

--- 2*9 

+ 2-8 

+ 8 *() 

+ 12-9 

+ 18-8 

+ 18-8 

+ 20-9 

+23-0 

46-4 

13-47 

- 10-3 

- 14-0 

- 8*5 

~ 6*0 

- 3*8 

+ 5-9 

+ 8*4 

+ 9-1 

+ 15-0 

+ 15-.1 

+ 15-0 

+16-9 

34-1 

10 *40 

- 14*1 

- n-o 

- 7*7 

- 5*3 

+ 1-2 

+ 5*4 

+ 8*1 

+ 12-3 

+15-6 

+15-6 

+ 12-7 

+ 

6 

31-0 

9*71 

- 12-4 

-12-2 

- 8*9 

- 7-0 

- 1*6 

+ 1*3 

+ 4-4 

+ 11-7 

+ 14-8 

+18-4 

+ 14-5 

+ 13-8 

33-0 

9-84 

- 14-4 

- 14-2 

- 10*5 

- 6-7 

+ 0*4 

+ 0*8 

+ 4-7 

+ 9-4 

+ 11-6 

+13-6 

+ 13-5 

+ 13-4 

28-1 

8-87 

—17-8 

- 16-7 

- 16-5 

- 10-0 

-- C -3 

- 0*8 

+ 5-3 

+ 8-3 

+ 11-9 

+ 15-3 

+19-9 

+ 16-6 

37-7 

10-06 

-25-2 

- 22-7 

- 20*8 

- 15-9 

~ 11*9 

- 4*8 

+ 1-1 

+ 7-2 

+ 12-7 

+ 16-5 

+ 19-4 

+ 19*0 

46-0 

12-99 

- 27-8 

-32-7 

- 28*9 

- 23-3 

- 15*3 

- 7*1 

- 0-8 

+ 7-3 

+ 14-9 

+ 20-1 

+ 24-6 

+ 28-2 

65-7 

17-05 

-46-0 

- 45-9 

- 37-1 

- 25-4 

~] 4*2 

- 4*0 

+ 3-3 

+ 8-0 

+ 19-8 

+ 27-4 

+36-4 

+ 35-8 

82-4 

23-63 

-25-1 

- 24-0 

- 20*3 

- 14-9 

~ 7*5 

- 1*6 

+ 4-0 

+ 9-3 

+ 15-1 

+ 18-7 

1 + 21-1 

+ 21-8 

46-9 

13-84 

- 14-3 

— 12-8 

- 8*9 

- 6-2 

- 0*9 

+ 3*4 

+ 6-4 

+ 10-6 

+ 14-3 

+15-7 

+ 13-9 

+ 14-5 

30-8 

9-62 

-23-1 

- 21-1 

- 19*1 

- 13-6 

~ 7*0 

- 0*9 

+ 5-0 

+ 10-2 

+ 14-7 

+ 17-7 

+20-7 

+ 20-4 

43-8 

12-61 

- 37-7 

-38-0 

- 33*0 

- 24-8 

- 14*5 

- 7*2 

+ 0-5 

+ 7-1 

+ 16-2 

+ 22-8 

+ 28-5 

+ 30-6 

71-2 

19-90 
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Table XX. — Diurnal Inequality in Vertical Force in 


— 

Ih. 

2h. 

3h. 

4h. 

5h. 

6h. 

7 h. 

8h. 

9h. 

10 h. 

U h. 

12 h. 

1911— 

Feb. 

7 

+28-1 

y 

+28-7 

7 

+26-6 

7 

+31 2 

7 

+22-1 

7 

+11-5 

7 

— 1-9 

7 

— 8-9 

7 

-10-6 

7 

— 6-4 

y 

-26*7 

7 

-32-9 

Mar. 

+ 9-6 

+11-1 

+ 6-8 

+10-2 

+ 6*6 

+ 0*3 

- 7*8 

+ 2-7 

+ 4-6 

+10*1 

+ 1-2 

-11-6 

April 

+14-3 

+ 8-0 

+ 3-9 

-j- 5*3 

+ 2-7 

+ 3-3 

- 1-8 

- 0*7 

- 2*6 

~ 5*2 

-13-9 

-21-9 

May 

+ 7-3 

+ 8-5 

+ 9-2 

+ 3-1 

+ 0-2 

- 1*5 

- 0-1 

- 1-8 

- 2*1 

- 4*3 

- 7*4 

- 7*8 

June 

+ 6-0 

+ 3-2 

+ 1-6 

+ 2-0 

+ 1-3 

- 1-0 

- 4*7 

- 5*5 

~ 9-2 

- 7*4 

- 9-2 

- 8-2 

July ... 

+ 6-8 

+ 5-4 

4“ 6*2 

+ 3*8 

+ 3-2 

~ 1*3 

- 4*2 

- 5-3 

- 7*7 

- 9-8 

-10-3 

- 9-8 

Aug. 

+ 7-5 

+ 7-7 

+ 8-7 

+ 6-4 

+ 1-5 

- 0-8 

- 4-9 

- 5-0 

- 6*7 

- 7-6 

- 5-8 

- 8-5 

Sept. 

+10-4 

+19-3 

+ 7-4 

+ 3-4 

+ 0*9 

- 21 

— 6*1 

- 5-9 

- 7-6 

- 6*1 

-10-1 

- 9-1 

Oct. 

+14-5 

+14-4 

+14-7 

+ 9-8 

+ 6-3 

+ 2-6 

- 0*4 

- 1*4 

- 9-7 

- 7-5 

-11*6 

-23-2 

Nov. 

+24-6 

+22-5 

+15-6 

+18-1 

+15-4 

+10-4 

+ 6*0 

+ 0*9 

- 9*4 

-23 *9 

-27-5 

-30*9 

Dec. 

+26-8 

+26-9 

+27-6 

+20-6 

+16-3 

+ 7-5 

+ 5-6 

+ 4-6 

+ 2-0 

-22-5 

-24-8 

-28-9 

1912— 













Jan. 

+23-3 

+25-6 

+25-6 

+20-5 

+16-4 

+ 9-0 

+ 0-1 

- 7-7 

+ 1*9 

- 9-8 

-15-7 

-24-9 

Feb. 

+21-9 

+22-4 

+23-0 

+18-5 

+17-2 

+ 9-1 

+ 2-5 

+ 0-1 

~ 8*3 

-19-9 

-30-6 

-30-4 

Mar. 

+11-8 

+ 9-4 

+ 9-3 

+ 9-6 

+ 5-1 

+ 1-2 

+ 1-1 

+ 3-8 

+ 4*9 

+ 1-0 

- 8-1 

-16-9 

April 

+ -9-2 

+ 9-0 

+10-6 

+ 5-5 

+ 0-8 

— 1-8 

- 5-9 

- 5-5 

-- 5-6 

- 7-8 

-13-6 

-13-9 

May 

+ 3-6 

+ 3-0 

+ 3-5 

+ 2-4 

— 0-4 

— 1-9 

- 4-1 

- 3-1 

- 4*3 

- 3-9 

- 4-7 

- 5-5 

June 

+ 5-8 

+ 4-6 

+ 5-4 

+ 3-2 

+ 0-1 

- 1-0 

- 3-5 

- 3-6 

- 4*9 

— 6-6 

- 7-1 

- 6-5 

July 

+ 4-6 

+ 4-6 

+ 5-5 

+ 3‘5 

+ 0-7 

- 1-5 

— 1-9 

- 3-8 

- 3-5 

- 4-4 

- 5-1 

- 4-7 

Aug. 

+ 6-2 

+ 6-4 

+ 4-9 

+ 4-4 

+ 4-3 

+ 1-0 

- 2-0 

- 3-3 

-- 4*2 

— 6-4 

- 7-2 

- 9 -4 

Sept. 

+ 8-4 

4 - 6-5 

“h 7 '5 

+ 5-0 

+ 2-7 

+ 0-3 

— 1-9 

+ 0-1 

+ 0*7 

- 6-8 

- 9-6 

-10-9 

Oct. 

+15-6 

+17-6 

+14-8 

+12'3 

+ 6-2 

+ 0-5 

- 1-5 

- 0-9 

- 4*7 

- 5-7 

-12-9 

-20-4 

Nov. 

+27-4 

+26-4 

+17-3 

+11-3 

+ 4-8 

- 2-6 

- 0-7 

— 6-6 

- 1*9 

- 9-6 

-24-1 

-20-2 


Table XXL— Diurnal Inequality in Vertical Force for the 12 Months, 


— 

1 h. 

2h. 

3 h. 

4h. 

6h. 

6h. 

7 h. 

8 h. 

9h. 

10 h. 

11 h. 

12 h. 

Jan. 

7 

+23-3 

7 

“1-25 ■ 5 

7 

+ 25-6 

7 

+20-5 

7 

+16-4 

7 

+ 9-0 

7 

+ 0-1 

y 

— 7*7 

7 

+ 1-9 

7 

- 9-8 

7 

-15-7 

7 

-24-9 

Feb. 

+25-0 

+25-6 

+24-8 

+24-9 

+19*7 

+10-3 

+ 0-3 

- 4-4 

- 9*4 

-13-1 

-28*1 

-31-6 

Mar. 

+10-7 

+10-3 

+ 8-1 

“f 9-9 

+ 5-8 

+ 0-7 

- 3*4 

+ 3-2 

+ 4-7 

+ 5-5 

- 3-5 

-14-3 

April 

+11-8 

+ 8-5 

+ 7-3 

+ 5-4 

+ 1-8 

+ 0*8 

- 3-8 

- 31 

- 4*1 

- 6*5 

-13*7 

- 17-9 

May 

+ 5-6 

+ 5-8 

+ 6-4 

+ 2-8 

— 0-1 

- 1*7 

- 2-1 

- 2-5 

- 3-2 

- 4-1 

- 6-1 

- 6-7 

June 

+ 5-9 

+ 3-8 

+ 3-5 

+ 2-6 

+ 0-7 

~ 1*0 

- 4-1 

- 4-6 

- 7*1 

- 7*0 

- 8-2 

- 7-4 

July 

+ 5 * 2 

+ 5-0 

+ 5-8 

-i- 3-6 

+ 1-9 

- 1-4 

- 3*1 

- 4-6 

- 5-6 

- 7-1 

- 7-7 

- 7-3 

Aug. 

+ 6-8 

+ 7-1 

+ 6-8 

+ 5-4 

+ 2-9 

+ 0-1 

- 3*5 

- 4-2 

- 5-5 

1- 7-0 

- 6-5 

- 9 -0 

Sept. 

+ 9-4 

+ 12-9 

+ 7-5 

+ 4-2 

+ 1-8 

- 0-9 

- 4*0 

- 2-9 

— 3-5 

- 5-9 

- 9-8 

-10-0 

Oct. 

+15-0 

+ 16-0 

+ 14-8 

+11-1 

+ 5-8 

+ 1-6 

- 1*0 

- 1-2 

- 7-2 

- 6-6 

-12-2 

-21-8 

Nov. 

+ 25-9 

+24-5 

+16-6 

+14-7 

+10-1 

+ 3-9 

+ 2*7 

- 2-9 

- 5-7 

-16-8 

-25-8 

-26-6 

Dec. 

+26-8 

+26-9 

+27-6 

+20-6 

+16-3 

+ 7-5 

+ 5*6 

+ 4-6 

+ 2-0 

-22-5 

-24-8 

-28-9 

Year 

+14-3 

+14-3 

+12-9 

+10-5 

+ 6-9 

+ 2-4 

- 1*4 

- 2-5 

- 3-6 

- 8-4 

-13-5 

-17-1 

Winter 

+ 5-8 

+ 5-4 

+ 5-6 

+ 3-6 

+ 1-3 

- 1-0 

~ 3*2 

- 4-0 

- 6-4 

- 6-3 

- 7-1 

- 7-6 

Equinox 

+11-7 

+11-9 

+ 9-4 

+ 7-7 

+ 3-8 

+ 0-6 

- 31 

- 10 

- 2-6 

- 3-4 

- 9-8 

-16-0 

Summer 

+25-3 

+25-6 

+23-6 

+20-2 

+15-6 

+ 7-7 

+ 2-2 

- 2-6 

- 2-8 

-15-5 

-23-6 

- 27-7 
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Individual Months from 10 Quieter Days a Month, 


13 h.,. 

14 h. 

If) h. 

10 h. 

17 h. 

18 h. 

1!) h. 

20 h. 

21 h. 

22 h. 

23 h. 

24 h. 

Range. 

A.D. 

y 

y 

y 

y 

y 

y 

y 

y 

7 

7 

7 

y 

7 

7 

-32-4 

-29-9 

-32-0 

-25-7 

-18*6 

-11-0 

- 1-9 

- 2-7 

4-11*5 

4-23 -J 

4-26-5 

+30-1 

64-1 

20*00 

-16*9 

-20*2 

-20-8 

-18-2 

-11-3 

- G-9 

- 1 -3 

+ 4-7 

4- 9-7 

4-14-0 

+ 10-1 

4-12-9 

34*8 

9*57 

-21 -.f) 

-19-5 

-17-9 

-14-9 

- 6-9 

- O-G 

+ 2-7 

4-lG-l 

4-25-8 

4-17-0 

4-14-5 

4-13-2 

47‘7 

10*59 

- 90 

- 8-1 

- 7-8 

~ G-8 

- 5-4 

- 3-0 

+ 4-G 

+ 4-8 

4“ 3*8 

4~ G • 2 

4- 8-1 

4-10-0 

19-0 

5-45 

~ G-5 

- 3-7 

- 2-4 

- 1-0 

- 0-2 

+ 2-1 

•4“ 5*7 

+ G-9 

4- 5-5 

4- 8-8 

4- 7-8 

4- 8-2 

18-0 

4-92 

- 9*G 

- 9-1 

— 4*6 

- 3*1 

- 0-G 

+ 3-2 

+ 4-9 

+ 6-0 

4- 7-5 

-H 9-9 

4- 9-5 

4-10-7 

21-0 

6-31 

- G-1 

- G-7 

- 4-8 

- 4-2 

- i-.i 

- 1-5 

- O-.l 

4- 3-0 

4- G-G 

4- 5-9 

4-10 3 

-1- 8-1 

18-8 

5-43 

-13 0 

-10-9 

-10-2 

- 7-2 

- 2-1 

+ 3-1 

•4- 6-3 

4- 4-4 

4- 4-8 

G • 2 

4-10-7 

4-12-4 

32-3 

7-49 

-20*5 

— 14-f) 

-12-7 

- 8-4 

- G-8 

- 1 -7 

-f 2-3 

+ 5-G 

+ 9-5 

4-10-9 

4-12-4 

4-15-7 

38-9 

9-84 

-27 -G 

-32-3 

-2,'5-3 

-17*2 

-10 -0 

- 2-4 

+ 3-3 

+ 7-0 

-i~i4-8 

+19-9 

-1-22-3 

4-25-7 

68-0 

17-23 

-.33-9 

-37-4 

-3,5-4 

-2.'5-8 

-14-1 

- ()-4 

+ 1-7 

+ 3-4 

4-12-1 

-|~18-l 

-1-27-7 

4-27-2 

C5-1 

19-06 

-32 1 

-29-5 

-31-2 

-19-8 

-12-8 

- 7-1 

- 0-9 

4- 7-2 

4- 8-2 

4-12-2 

4-17-3 

4-23-4 

67-7 

16-92 

-35-9 

-35-9 

-29-0 

-21 -4 

- 8-1 

+ 0-9 

+ 5-8 

4-11-9 

-fl7-6 

4-21-9 

4-22-4 

4-23-4 

59-3 

18-25 

-17-5 

-19-4 

-19-1 

-12-0 

- 4-1 

- l-.G 

+ 0-5 

4- 4-1 

4- 7-G 

4-10-0 

4- 9-5 

4-10-9 

.31-2 

8-26 

-12-1 

-10-8 

- G-8 

- 3-1 

- 1-4 

+ 2-5 

+ 4-5 

4- 7-3 

4- 8-G 

+ 8-7 

4-11-2 

4- 9-3 

25-1 

7 -.31 

- 5-0 

- 4-3 

- 2-9 

- 1-2 

+ 0-4 

+ 1-3 

+ 3-G 

4- 4-0 

4- 5-6 

4- 5-4 

4- 3-5 

4- 4-3 

IM 

3-41 

- f)-9 

- 5-8 

- ,5-4 

- 3-4 

0-0 

+ ] •(» 

+ 5-4 

4- 4 -.9 

4- 5-9 

4- G-4 

4- 6-7 

-h G-] 

13-8 

4-00 

- 5-0 

- 51 

- 3-1 

- 2-0 

- 0-5 

+ l-(i 

“4" 2*7 

4- 3-1 

-f 3-7 

4- 2-9 

4- 3-7 

4- 4-3 

10-6 

3-39 

- 8-9 

- 7-6 

- O-.') 

- 3-2 

+ 0-7 

-f 1-8 

+ 3-3 

-j*- 2 • G 

4- 3-G 

4- 5-7 

4- 5-9 

•4- 7-6 

17-0 

4-88 

-14-3 

-12-1 

- 9-3 

- .')-3 

- 5-0 

- 0-2 

+ 2-7 

4- 4-7 

4- 8-0 

8-2 

4- 9-4 

4-10-3 

24 -C 

G-20 

-24-3 

—18-9 

-IC-.I 

— 12-0 

- 7-5 

+ 0-2 

+ ,5-9 

4- 8-5 

4- 9-8 

4-12-1 

-I-10-9 

4-11-8 

41-9 

10-60 

-23-9 

-29-9 

-24-4 

-19-1 

-10-4 

- 2-1 

-I- O-G 

4- 9-9 

4-17-1 

4-18-1 

4-18-8 

-f- 24 • 9 

.57-3 

14-67 


3 Seasons and the Year from 10 Quieter Days a Month, 


n h. 

14 - h. 

15 h. 

IG h. 

17 h. 

IHh. 

U) h. 

20 h. 

21 h. 

22 h. 

25 h. 

24- h. 

Rang(‘. 

A..I). 

y 

7 

7 

7 

y 

7 

y 

7 

7 

7 

7 

7 

7 

7 

-32-1 

—29-5 

-31-2 

-19-8 

-12-8 

- 7*1 

- 0*9 

4- 7-2 

+ 8-2 

+-12-2 

+17-3 

-f-23 *4 

67-7 

15-92 

-34-1 

-32*9 

-30-5 

-23-5 

-13-3 

- 5-0 

+ 2*0 

+ 4-6 

+14-6 

+22-5 

+-24-5 

"|-26 *8 

60-9 

18-81 

~J7-2 

-19*8 

-20-0 

-15-1 

- 7-7 

- 4*2 

- 0-4 

-J- 4*4 

+ 8*G 

+-12-0 

+ 9*8 

+11-9 

32-0 

8-80 

-16*8 

-15*1 

-12-3 

— 9-0 

- 4*1 

+ 1-0 

+ 3*G 

+11*7 

+17-2 

+12-9 

+12-9 

+11-3 

35*1 

8-86 

- 70 

- G*2 

- 5*4 

- 4*0 

- 2-5 

- 0-9 

+ 4*1 

+ 4-4 

-4- 4-7 

+- 5-8 

+ 5*8 

+ 7-2 

14-2 

4*38 

- 6*7 

- 4*8 

- 3*9 

- 2-2 

- 0*1 

+ 1-8 

-1- 5-5 

+ 5-7 

+ 5*7 

7*0 

+ 7-2 

+ 7-1 

16-8 

4-76 

- 7*3 

- 7-1 

- ,3-9 

- 2-6 

- 0*0 

+ 2-4 

-4- 3-8 

-4- 4-5 

+ .5-6 

+ 6-4 

+ 6-6 

+ 7-5 

15-2 

4-86 

- 7-5 

— 7-2 

- .5-7 

- .3-7 

- 0-4 ! 

+ 0-1 

-4- 1-4 

-4- 2-8 

+■ 5-1 

+■ 5-8 

+ 8-1 

+ 7-8 

17-1 

6-02 

-13*6 

-11-5 

- 9-7 

- 6-2 

- 3*5 

+ 1-5 

+ 4-5 

-|- 4-6 

+■ 6-4 

-f 7-2 

+-10-1 

■4-11-4 

26-5 

6-79 

-22*4 

-16-7 

-14-6 

-10-5 

- 7-2 

- 0-7 

-f 4-1 

+ 7-1 

+ 9-6 

■fll-5 

+11-7 

+-13-8 

38-4 

10-18 

-25 -8 

-31-1 

-24-9 

-18-2 

-10*5 

- 2-3 

-4- 1-9 

+ 8-5 

+16-0 

+-19-0 

+■20 -6 

+25-3 

67-0 

15-80 

-33*9 

-37-4 

-35-4 

-25-8 

-14*1 

- 6-4 

-4- 1-7 

“4~ 3-4 

+•12 -1 

+18-1 

+-27-7 

-f-27-2 

66-1 

19-06 

-18*7 

-18-3 

-16-5 

-11-7 

- 6*4 

- 1-7 

+ 2-6 

-f 5-7 

+ 9-5 

+-11-8 

+13-6 

+■15 -1 

33-8 

9-97 

- 7*1 

- 6-3 

- 4-7 

- 3-1 

- 0*9 

■f 0-9 

+ 3-7 

4-4 

+ 6-3 

+ 0-4 

+- 6-9 

+- 7-4 

16-0 

4-73 

--17-5 

-16-8 

-14-1 

-10-2 

- 5*6 

- 0-6 

-f 3-0 

+ 7-0 

+-10-4 

+-10-9 

+-11-1 

+-12 1 

29-6 

8-30 

-31-5 

-32-7 

-30-5 

-21-8 

-12*7 

— 5-2 

+ 1-2 

+ 6-9 

■+12-7 

+18-0 

+22-5 

-4-25-7 

68-4 

17-20 
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Table XXII. — ^Diurnal Inequality in Bast Component for the 


— 

1 h. 

2 h. 

3h. 

4 11. 

5h. 

6h. 

7 h. 

8h. 

9 h. 

10 h. 

11 h. 

12 h. 

Jan. 

. y 

+13-0 

y 

+ 2-9 

y 

— 5-4 

y 

- 8-2 

y 

-19-4 

y 

-17-3 

y 

-10-4 

y 

-14-1 

y 

-28-7 

y 

-60-5 

y 

-48 -3 

y 

-44-4 

Feb. 

+16-0 

+ 0-9 

- 2-4 

-12-8 

-24-9 

-35-0 

-40-5 

-53-9 

-49-7 

-52-6 

-59 0 

-37*7 

Mar. 

+ 9-0 

+ 1-7 

- 4-4 

~13-6 

-20-8 

-26-2 

-29-0 

-37-9 

-42-4 

-42-6 

-43-2 

-39-7 

April 

+ 4:‘3 

+ 2-1 

- 6-8 

- 8*2 

-16-7 

-24-3 

-28-3 

-30 *4 

-38-2 

-35-4 

-36*7 

-30 ’G 

May 

+ 5-5 

-j- 2*0 

- 2*2 

- 8-2 

-12*9 

-16-6 

-16*6 

-22-6 

-22-1 

-23-5 

-25 1 

-19-8 

June 

+ 1-0 

- 0^9 

- 2-5 

- 6-3 

- 7-6 

—12-6 

-14-9 

-18*3 

-18-3 

-17-2 

-20-0 

—18-4 

July 

+ 5-1 

- 0-3 

- 1-1 

- 4-9 

-11-2 

—15-2 

-15-5 

-17-9 

-18-1 

-18-8 

-20-4 

-19-4 

Aug. 

+ 5-1 

+ 1-6 

- 5-8 

- 7-4 

-11-5 

—18-2 

-19-2 

-21-0 

-20-5 

-24-7 

-28-8 

-21-8 

Sept. 

+ 3-3 

+ 0-8 

- 4-4 

- 8-8 

-13-8 

-21-1 

-22-6 

1—27-8 

-32-8 

-30-1 

-29-6 

-23-1 

Oct. 

+ 6-2 

- 0-2 

- 7-7 

-13-9 

-19-3 

-25-8 

-30-3 

-32-9 

-37-4 

-38-6 

-35-0 

-29-9 

Nov. 

+ 4-9 

- 1-1 

- 3-3 

- 7-5 

-15-0 

-20-1 

-37-1 

-44-8 

-48-6 

-51-7 

-35-5 

-31-5 

Dec. 

+12-7 

+ 7-2 

— 0-3 

- 5-3 

-15 -8 

-24-8 

-41-9 

-26-9 

-42-0 

-32-6 

-36-8 

-33-4 

Year 

+ 7-1 

+ 1-4 

- 3-8 

- 8-7 

-15-7 

-21-4 

-25-5 

-29-0 

-33-2 

-35-7 

-34-9 

-29-1 

Winter 

+ 4-2 

+ 0-6 

- 2-9 

- 6-7 

-10-8 

-15-7 

-16-6 

—19-9 

-19-8 

-21-1 

-23-6 

-19-8 

Equinox 

+ 5-5 

+ 1-1 

— 5-6 

-11-1 

-17-7 

-24-3 

-27-6 

-32-2 

-37-7 

-36-7 

-36-1 

-30-8 

Summer 

+11-7 

“h 2*5 

— 2-9 

- 8-5 

-18-8 

-24-3 

-32-5 

-34-9 

-42-3 

-49-4 

-44-9 

-36-8 


Table XXIII. — Diurnal Inequality in East Component for the 


— 

1 h. 

2 h. 

h. 

4 h. 

5li. 

(5 h. 

7 h. 

8h. 

9 h. 

10 h. 

11 h. 

U h. 

Jan. 

y 

-fll-4 

y 

+11-6 

y 

+ 6-2 

y 

0*0 

y 

-11-7 

y 

-14-8 

y 

-26-4 

y 

-22-4 

y 

-36-0 

y 

-41-4 

00 

00 

1 

y 

-33*1 

Feb. 

+11*3 

+ 4-7 

— 2-3 

- 7-2 

-27*1 

-24-1 

-30-6 

-36-3 

-43-0 

-43-8 

-41*8 

-29*7 

Mar. 

+ 8-4 

+ 4-0 

— 0*4 

- 3-5 

-10-9 

-11-5 

—17*9 

-16*9 

-24-6 

-27-6 

-29-4 

-22-5 

April 

+ 0'2 

- 2-3 

- 4-4 

- 6-1 

-10-5 

-13-8 

—19-0 

-18-4 

-21-6 

-17*2 

-14*7 

-11 *9 

May 

+ 2-9 

+ 2-5 

— 1-3 

- 2-0 

- 4-0 

- 6-3 

— 9-2 

—10-6 

-10-8 

- 9*4 

- 9-8 

8-2 

June 

- 0-8 

~ 0-1 

- 1-4 

- 4-5 

- 3-9 

- 8*7 

— 9*3 

-11-8 

- 9*6 

- 8*2 

- 9*5 

— G*9 

July 

+ 0-1 

+ 0 • 2 

. 0-0 

— 0-3 

- 6-7 

- 7-9 

-11-3 

-10-1 

- 7-9 

- 8-4 

- 7*1 

- 5*3 

Aug, 

+ 1-7 

+ 2-2 

— 1-5 

— 6-7 

- 6-0 

- 7-7 

- 8-6 

-12*6 

-12-5 

- 9-5 

-12-3 

- 0*4 

Sept. 

- 2-3 

- 1-6 

— 2-8 

- 4-4 

- 8-5 

-10*1 

-11-0 

-13*0 

-15-6 

-19 0 

-16*6 

—12*0 

Oct. 

0 • 2 

- 4-3 

— 9-0 

— 8-8 

-10-2 

-16*5 

—15-9 

-19*9 

-20-0 

-25-7 

-23-1 

-15*0 

Nov. 

+ 3-7 

- 4-3 

— 0-6 

- 2-5 

- 6-4 

-15-4 

-34-9 

-35*4 

-37*4 

-43-7 

-29-3 

-17*() 

Dec. 

+ 2-3 

+ 8-0 

+ 6-5 

+ 0-6 

- 8-2 

-13*4 

— 12-9 

-18*5 

-30*6 

-40-5 

-44-6 

-31*3 

Year 

-f 3-3 

+ 1-7 

- 0-9 

- 3-8 

- 9-5 

-12-5 

-17-2 

-18*8 

-22*5 

-24-5 

-23-2 

—16*7 

Winter 

+ 1-0 

+ 1-2 

— 1-0 

- 3-4 

- 5*1 

- 7-6 

- 9-6 

-11*3 

-10*2 

- 8-9 

- 9-7 

— 6*7 

Equinox . . . 

-f 1-6 

- 1-1 

- 4-2 

- 5-7 

-10-0 

-13-0 

-15 *9 

—17*0 

-20*5 

-22-4 

-20-9 

-15*4 

Summer 

+ 7-2 

+ 5-0 

+ 2-5 

— 2-3 

-13 -4 

-16*9 

-26*0 

-28-2 

-36*8 

-42-4 

-38-9 

-27*9 
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12 Months, 3 Seasons and the Year from all Complete Days. 


13 h. 

14 li . 

15 h. 

U ) h . 

17 h . 

18 h. 

!U li . 

20 h. 

21 li . 

22 h . 

23 li . 

24 h . 

Rrangci . 

A.D. 

7 

7 

7 

7 

7 

7 

7 

7 

r 

7 

V 

7 

V 


-- 33*1 

-^ 20-5 

H - 5*6 

- 1-21 •() 

+ 30-3 

- 1 -. 39-2 

4 - 45-5 

+ 36*7 

4 - 30-2 

- 1 - 29-5 

+ 27-6 

+ 22-8 

106-0 

25-86 

- 28^5 

- 18-4 

+ 2-8 

- 1-29 •(! 

+ 38-9 

4 - 43-8 

4 - 54-7 

+ 59-7 

4 - 57-7 

+ 50 -() 

- 1 - 35-9 

1 - 24-8 

118-7 

34-62 

- 26-5 

- 9-6 

- 1 - 7-1 

- 1 - 18-4 

+ 32-9 

+ 40-9 

- 1 - 49-5 

4 - 47-0 

4 - 44-5 

+ 36 -9 

- 1 - 27-0 

+ 21-0 

92-7 

27-99 

- 20 - 4 : 

_ 8 - 4 : 

+ 3-1 

- I - 18-2 

+ 28-5 

+ 36-1 

+ 42-4 

+ 41-8 

+ 37-2 

+ 31-6 

4 - 23-2 

- 1 - 14-9 

80*6 

23-62 

- U -0 

- 11-0 

+ 0-7 

+ 10-5 

4 - 20-6 

-|"28 *0 

+ 27-5 

+ 31-1 

- h 26-4 

+ 18*5 

+ 14-1 

+ 9-7 

56-2 

16-22 

- 11-2 

- 6-6 

- 1-5 

- 1 - 7-6 

- 1 - 16-9 

- h 20-9 

+ 29-7 

~|“26 *2 

+ 22-1 

+ 15-1 

• fll -7 

4 - 6-1 

49-7 

13-03 

- 17 -9 

--- ()-9 

- 2-6 

- 1 - 8-7 

“ 1 ~ 1 4 - 2 

+ 18-4 

- 1 - 28-6 

- h 28-8 

4 25-1 

- 1 - 21-7 

- 1 - 10-8 

+ 8-8 

49-2 

14-18 

- 16-4 

8 - 4 : 

+ 3-1 

- 1 - 1 6 -8 

- 1 - 19-2 

+ 26-7 

4 - 32-4 

4 - 29-6 

+ 27-4 

+ 20-4 

- 1 - 14-8 

()•() 

61-2 

16-98 

- 18-1 

0-8 

+ (i-O 

- 1 - 17-1 

+ 30-9 

+ 31-2 

4 - 34-9 

4 - 33 - 4 ) 

+ 30-7 

- 1 - 27-9 

+ 16-3 

+ ()-0 

67-7 

19-89 

- 19-0 

4:-3 

- 1 - 10 -5 

- 1 - 23-0 

+ 37-3 

+ 42-7 

- 1 - 41-6 

4 - 42-3 

+ 35-7 

- 1 - 28-2 

- 1 - 17-1 

{ 10 -7 

81-3 

24-63 

- 31-0 

- 13-6 

-f 4-4 

- l - 2()-4 

+ 37-7 

+ 47-1 

- 1 - 49-6 

- 1-501 

- 1 - 42-9 

- 1 - 37-8 

+ 26-2 

+ 13-8 

101-8 

28-40 

- 34-7 

■~ 23 -G 

- ( i -2 

- 1 - 7-8 

+ 29-8 

4 - 37-8 

4 - 44-5 

+ 48-2 

+ 48-6 

+ 44-1 

+ 24-9 

+ 18 - I , 

90-6 

27-00 

- 22-6 

- 11-5 

+ 2-8 

4 - 17-1 

- 1 - 28-5 

+ 34-4 

+ 40-1 

+ 39-6 

4 - 35-7 

- 1 - 30 -2 

+ 20-8 

+ 13 -() 

75-8 

22-60 

- 14 -9 

- 8-2 

- 0-1 

4 - 10-9 

+ 17-6 

4 - 23-5 

+ 29-6 

+ 28-9 

+ 25-3 

4 - 18-9 

4 - 12-9 

+ 7-8 

53-2 

15-01 

- 21-0 

7-3 

-|- () '8 

4 - 19-2 

+ 32-4 

+ 37-7 

- 1 - 42-1 

4 - 41-0 

+ 37-0 

- 1 - 31-2 

4 - 20-9 

+ 13‘2 

79-8 

24-01 

- 31-8 

--19-0 

-h 1-7 

--{''21 • 2 

- 1 - 35-7 

- 1 - 42-0 

- 1 - 48-6 

+ 48-7 

+ 44-9 

+ 40-5 

+ 28-7 

+ 19-9 

98 -J 

28-84 


12 Months, 3 Seasons and the Year from 10 Quieter Days a Month. 


10 h . 

14 h . 

10 h . 

10 h . 

17 h . 

18 h . 

lU It. 

20 h . 

21 h . 

22 It. 

2 :t h . 

21 h . 

Kangc . 

A , n , 

7 

7 

7 

7 

V 

7 

7 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

-^ 19-4 

~ 14-0 

+ 0*8 

+ 17*7 

+ 25-7 

+ 30-2 

+ 30*4 

-f 30-6 

+ 24-0 

+ 24-1 

+ 25-2 

■ 1 - 19-8 

72-0 

21-49 

- 20-2 

- 11-9 

+ 3-2 

+ 15-9 

+ 24-4 

+ 32-4 

+ 43-2 

+ 44-7 

+47-9 

+ 44*6 

+ 27-9 

-1 18-1 

91-7 

26-61 

- 13-7 

- 6-9 

- 1*3 

+ 6-7 

+ 13-7 

+ 19-7 

+ 27-0 

+ 28-6 

+29-0 

+ 20-0 

+ 16.2 

1 4 ’ 2 

58-4 

16-07 

- 8-3 

- 2-2 

+ 0-3 

+ 8-1 

+ 13*9 

+ 17-2 

+ 24-6 

+30-8 

+ 20-6 

+ 16-6 

+ 11-5 

+ 8-3 

, 52-4 

12-65 

- 7-0 

- 5-4 

+ 0-9 

+ 4*8 

+ 7-6 

+ 9*9 

+ 12-5 

+12-6 

+ 12-2 

+ 8-5 

+ 4-5 

+ 5-1 

23-4 

7-00 

- 3-9 

- 2-0 

- 0*6 

+ 2-7 

+ 6*8 

+ 11-2 

+13-9 

+ 12*8 

+ 12-1 

+ 9-7 

+ 7*9 

+ 4-1 

25-7 

6-77 

- 4-6 

- 2-2 

- 1-6 

+ 4-0 

+ 5-7 

+ 10-0 

+ 12-2 

+13-8 

+ 10-0 

+ 8-5 

+ 5--1 

+ 3-0 

25-1 

6-09 

- 5-8 

- 3-4 

+ 2-5 

+ 7-9 

+ 10-3 

+ 11-1 

+13-9 

+ 12-9 

+ 12-8 

+ 9-0 

+ 6-1 

- 1 - 2-2 

26-5 

7-73 

- 8-4 

- 1-2 

+ 5-7 

+ 13-3 

+20 * 1 

+ 20-2 

+20-5 

+ 16-6 

+ 12-8 

+ 8-7 

+ 6-6 

+ 2-2 

39-5 

10-56 

- 3-4 

+ 6-3 

+ 12-4 

+21 - 6 

+ 28*6 

+ 24-5 

+ 22-5 

+ 20-2 

+ 15-8 

+ 10-0 

+ 5-2 

I - 4-5 

54-3 

14-32 

- 14-3 

- 0-3 

+ 11-5 

+ 22 - 6 

+ 30*5 

+ 36-7 

+ 36-9 

+37-8 

+ 25-3 

+ 18-2 

+ 11-6 

+ 7-3 

81-5 

20-18 

- 15-4 

- 8-3 

+ 4*2 

+ 9-0 

+ 25*7 

+33-1 

+ 28-8 

+ 28-2 

+ 27-4 

+ 26-2 

+ 16-3 

- 1 - 8-4 

77-7 

18-68 

- 10-4 

- 4-3 

+ 3*2 

+ 11-2 

+ 17*8 

+21 -4 

+ 23-9 

+24-1 

+ 20-8 

+ 16-9 

+ 11-9 

+ 8-1 

48-6 

13-73 

- 5-3 

- 3-2 

+ 0*3 

+ 4-9 

+ 7*6 

+ 10-6 

+13-1 

+ 13-0 

+ 11-8 

+ 8-9 

+ 6-0 

+ 3-6 

24-4 

6-83 

- 8-5 

- 1-0 

+ 4*3 

+ 12-4 

+ 19*1 

+ 20-4 

+ 23-7 

+24-1 

+ 19-6 

+ 13-6 

:+ 9-6 

+ 7-3 

46-6 

12-97 

- 17-3 

- 8-6 

+ 4*9 

+ 16-3 

+ 26*6 

+ 33-1 

+ 34-8 

+35-3 

+ 31-1 

+ 28-3 

+ 20*2 

+ 13-4 

77-7 

21-66 


81 


F 



Table XXIV. — Diurnal Inequality in South Component for the 


— 

1 h. 

2 h. 

3 h. 

4h. 

51i. j 

61i. 

7 1i. 

8h. 

0 h. 

10 h. 

U h. 

12 h. 


r 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

Jan. 

--36 -0 

- 39-3 

-36*8 

—36-7 

-29-5 

-27-5 

-20-9 

—16*7 

-12-4 

+ 1-0 

-l-Jl-O 

+ 26-9 

Feb. 

-42 -6 

-49*7 

-50 7 

—48-1 

-46-3 

-42-4 

-29-1 

—25-9 

- 9*2 

-h 3-8 

-P20-7 

+ 25-1 

Mar. 

-371 

-37 1 

-36-5 

—35-0 

-28-3 

-26-6 

-15-8 

— 7*1 

+ 0-7 

-h 8-9 

-1-22-2 

+ 29-2 

April 

-36-1 

- 42-5 

-31-1 

—26-2 

-29-1 

-20-5 

-16-0 

— 6-0 

+ 3-2 

+ J0-1 

H-23-4 

+ 29-0 

May 

-20-5 

-23*0 

-20-7 

-20-6 

-17*4 

-15*9 

- 9-0 

- 4-6 

+ 3-0 

+ 5-7 

-1-13-9 

+ 16-3 

June ... 

-18-2 

-17*0 

-16-4 

-14-4 

-13*8 

-10*8 

- 8*8 

— 2-9 

-j- 0*5 

-h 4-0 

-1- 9-1 

-j-16 *6 

July 

-18-6 

-21-4 

-20-5 

-22 1 

-20-7 

-17-0 

-11-2 

— 5-5 

+ 1-4 

+ 5-6 

-f-ll -5 

+ 20-5 

Aug. 

-17-2 

-17-5 

- 21-5 

—19 -4 

-19-4 

-16-0 

-10-0 

- 4-4 

+ 1-7 

+ 6-0 

+ 12-2 

+ 18-3 

Sept. 

1-22 -4 

-20-6 

-22-2 

-23-8 

—18-1 

1-16-9 

1-11-5 

— 6-1 

+ 0-3 

+ 5-6 

+ 13-6 

+ 17-3 

Oct. 

-28-4 

-30-1 

- 30-5 

—28-7 

-25-6 

-18-0 ' 

-12-4 

— 5-6 

+ 1-7 

+ 8-4 

1+15-5 

+25-8 

Nov. 

-32-1 

-33-3 

-35 1 

-32-7 

—28-3 

-22-9 

-21-7 

-13-6 

- 0-8 

+ 2-8 

+ 10-5 

+ 23-7 

Dec. 

-32-2 

-38-8 

-39-7 

—43-5 

-45 1 

-39-7 

-26-8 

-10-8 

-15-9 

— 5-2 

+ 11-6 

+ 26-6 

Year 

-28-5 

- 30-7 

-30-1 

-29-3 

-26-8 

-22-7 

-16-1 

— 9-1 

- 2-2 

+ 4-6 

+ 14-6 

+ 22-9 

Winter 

-18-6 

-19-7 

-19 8 

-19-1 

-17-8 

-14-7 

- 9-8 

— 4-4 

+ 1-7 

+ 5-3 

+ 11-7 

+ 17-9 

Equinox 

-31-0 

- 32-6 

-29 '8 

-28-4 

-25-3 

-20-3 

-13-9 

-6-2 

+ 1-5 

+ 8-;i 

+ 18-7 

+25-3 

Summer 

-35-7 

-39-8 

- 40-6 

-40-2 

-37-3 

-33-1 

-24-6 

-16-7 

— 9-6 

+ 0-1 

+ 13-5 

+25-6 


Table XXV. — Diurnal Inequality in South Component for the 


— 

Ih. 

2h. 

3h. 

4h. 

5h. 

6h. 

7L 

8 h. 

9 h. 


y 

y 

y 

y 

y 

y 

y 

y 

y 

Jan. 

-25*9 

-26-4 

-27*8 

-29*9 

-28*7 

-25*0 

-23*7 

-22*1 

- 7*8 

Feb. 

-31*0 

-37-1 

-36*9 

-44-8 

-41-3 

-34-2 

-18*2 

—19-5 

- 4*9 

Mar. 

-21-6 

-22-5 

-22-7 

-23-2 

-19*4 

-14-8 

- 9*0 

— 2*1 

+ 1-0 

April 

-23-3 

-18 -4 

-16-3 

-12*8 

-15-7 

-13*6 

-11*6 

- 2-4 

+ 4-6 

May 

-10-2 

- 9-0 

-11*9 

- 9*8 

- 7*2 

— 7*4 

- 6*0 

— 1-5 

+ 2-9 

June 

- 6*6 

- 6-2 

- 7-7 

- 8*4 

- 6-8 

- 8-5 

- 5-7 

- 0-5 

2 • 6 

July 

- 8-4 

- 8-6 

- 8*4 

-12-4 

-12*0 

-11*7 

- 8-3 

- 4*5 

+ 2-2 

Aug. 

- 8-7 1 

- 8-4 

-10*1 

- 9-8 

-10*0 

- 8*2 ' 

- 5-6 

- 2*0 

+ 3-4 

Sept. 

-15-0 

-10-9 

-10*0 

-10-7 

- 8*4 

— 7*8 

- 2-1 

- 2*3 1 

+ 3-6 

Oct. 

-19-2 

-19-4 

-19*4 

-21-0 

-17*7 

—15*2 

- 8-8 

- 2*4 

+ 2-0 

Nov. 

-19-7 

-19-8 

-19*6 

-20-3 

-22*1 

—18*5 

-16-8 

~ 8*8 

+ 3-8 

Dec. 

-19-6 

-21-6 

-25-9 

-30-6 

-31 3 

-29-3 

-23-8 

-13*4 

— 5-1 

Year 

-17-4 

-17-4 

-18*1 

-19 5 

-18*4 

-16*2 

-11-6 

- 6*8 

+ 0-7 

Winter 

- 8-5 

- 8-1 

- 9*5 

-10-1 

- 9*0 

— 8*9 

- 6-4 

- 2*1 

+ 2-8 

Equinox ... 

-19 8 

-17-8 

-17*1 

-16-9 

-15*3 

—12*8 

- 7-9 

- 2*3 

+ 2-8 

Summer 

-24-0 

-26-2 

-27*5 

-31-4 

-30*8 

—26*8 

-20-6 

-16*0 

- 3-5 


10 h. 

U h. 

12 h. 

y 

y 

y 

+ 0-1 

+12-6 

+ 23-9 

+ 5-4 

+ 16*9 

+22*6 

+ 5-2 

+ 7-2 

H-11-9 

+ 7-2 

+12-8 

+ 14-2 

2*2 

-h 6*6 

+ 7-5 

+ 4-1 

+ 6-2 

+ 6-3 

+ 4-0 

+ 6-6 

+ 7-1 

+ 3-4 

+ 7-4 

+ 9-9 

+ 4-5 

+ 9-5 

+ 12-2 

+ 9-2 

+13-2 

+ 19-6 

+ 7-1 

+11-6 

“1~19 -4 

+• 0-4 

+12-9 

-t-20-7 

+ 4-4 

+10-2 

■+14 - 6 

+ 3-4 

+ 6-4 

-1- 7-7 

+ 6-5 

+10-7 

+14-5 

+ 3-3 

+13-6 

+21-7 


CD 



12 Months, 3 Seasons and the Year from all Complete Days. 


13 Ii. 

14 h. 

15 h. 

Hi h. 

17 h. 

18 li. 

19 h. 

20 h . 

21 h. 

22 li. 

23 h. 

24 h. 

•Rango. 

A . B . 

V 

y 

t . 

r 

Y 

V 

y 

y 

y 

y 

y 

y 

y 

y 

■ 2 

+ 42-1 

+45*5 

+ 44-2 

+.30 *4 

+ 31*0 

- 1 - 18*0 

+ 11*1 

+ 2*0 

- 8*5 

- 17*3 

- 22*3 

84*8 

25*41 

+ 44-1 

+ 62*2 

+ 68*1 

+75*9 

+ 53*0 

- 1 - 34*8 

- 1 - 23*1 

+ 12*7 

— 6*2 

- 17*2 

- 24*9 

-31 *8 

120*0 

35*34 

+ 34-9 

+48*4 

+ 45-8 

+44 * 1 

+44 *,5 

+ 31*. 5 

- 1 - 15*0 

+ 0*8 

- 14*2 

- 25*2 

- 31*3 

-. 34*4 

85*5 

27*22 

+ 33-5 

+ 43*1 

+ 47*6 

+48*3 

+. 3 ,' 3*0 

+ 30*4 

- 1 - 12*1 

- 0*3 

- 14*2 

- 23*0 

- 33*7 

- 37*7 

90*8 

26*30 

"]-23 * b 

+ 28*3 

+29*7 

+ 24*3 

+ 20 *.') 

+ 17*8 

+ 9*7 

- 1*5 

- 6*2 

- 12*0 

- 18*7 

-23*1 

52*8 

16*07 

+ 20-1 

+ 22*2 

+ 21*0 

+ 23*8 

+23*9 

+ 15*2 

•+ 0*3 

+ 1*3 

- 5*6 

- 14*5 

-21*0 

- 20*7 

44*9 

13*67 

+ 22 -fi 

+ 24*0 

+27*9 

+ 23*2 

+ 24*2 

- I - 19-5 

- 1 - 8*3 

+ 2*8 

- 7*4 

- 13*1 

- 15*0 

- 19*0 

, 50*0 

16*01 

+ 21-9 

+30*0 

+ 28*4 

+ 27 -.I 

+ 23*2 

+ 15*5 

+ 0*0 

-- 3*1 

- 10*0 

- 15*5 

- 18*0 

- 18*5 

51*5 

15*89 

+ 25-5 

+ 32*7 

+ 35 *(i 

+36*7 

+ 29*9 

- 1 - 19*0 

+ 5*4 

- 3*0 

- 11*0 

- 20*1 

- 21*8 

- 23*0 

00*5 

18*47 

+ 34-1 

+ 35*3 

+37*1 

+, 3 ( i*l 

+31 •() 

+ 22*2 

- 1 - 11*9 

- 0*9 

- 10*7 

- 24*7 

- 19*9 

- 23*0 

07*6 

21*59 

+ 33-4 

+ 42*7 

+ 52*0 

+52*1 

+ 41*3 

+ 27 -'S 

+ 15*0 

+ 0*4 

- 8*1 

- 22*5 

- 22*8 

- 28*1 

87*2 

25*16 

+ 37-2 

+ 46*5 

+56*1 

+ rji *7 

+ C 0-4 

- 1 - 40*5 

- 1 - 24*1 

+ 13*7 

- 0*5 

- 14*0 

- 20*8 

- 27*0 

101*2 

29*90 

+ 30-6 

+ 38*2 

+41 -2 

+ 40*7 

+ 34*0 

+ 25*4 

+ 13*0 

+ 2*8 

- 7*0 

- 17*6 

- 22*2 

- 25*9 

71*9 

22*39 

+ 22-1 

+ 26*3 

+26*7 

+ 24*7 

+ 22*9 

- 1 - 17*0 

+ 7*6 

- 0*1 

- 7*2 

- 13*9 

- 18*5 

-20*3 

47*0 

15*33 

+ 32-0 

+ 39*9 

+41 *5 

+ 41*3 

+ 3,3 *3 

- 1 - 25*8 

+ 11*3 

- 0*9 

- 12*7 

- 23*3 

- 26*7 

- 29*8 

74*1 

23*41 

+ 37-7 

+ 48*4 

+ 55*4 

+56*0 

+ 45-.3 

- 1 - 33*5 

+ 20*1 

+ 9*5 

- 3*0 

- 15*7 

- 21*6 

- 27*5 

96*0 

28*78 


12 Months, 3 Seasons and the Year from 10 Quieter Days a Month. 


13 h . 

14 h . 

15 h . 

1(5 h . 

17 h . 

IB h . 

10 h . 

2 (» h . 

21 h . 

22 h . 

•S.i li . 

24 h . 

Itango . 

A .. I ). 

y 

y 

y 

y 

y 

y 

y 

y 

y 

$ 

y 

y 

y 

y 

+ 25*4 

+ 30-1 

+ 3 ( 3-8 

+37*6 

+ 37-3 

+ 27*5 

+ 17-3 

+ 7-0 

- 1*9 

- 2*8 

- 14*7 


(> 7-5 

21-31 

+ 35*9 

+ 47-0 

+ 5 ] *1 

+63*1 

+ 41-4 

+ 25*0 

H - 20-2 

+ 11‘6 

- 10*0 

- 15*7 

- 20-3 

- 25*8 

107*9 

28*32 

+ 18-4 

- j -~23 • 9 

+ 29*7 

+34*8 

+ 30*4 

+ 18-0 

-f 8 -() 

+ 4-8 

- 6-2 

- 12*1 

- 19.3 

- 21*2 

58*0 

J 0.17 

+ 18-0 

+ 21-8 

+25*0 

+ 21-3 

+ 20-1 

+ 17-6 

+ 7*5 

0-0 

- 5*7 

- 14*3 

- 17*3 

- 18*7 

48*3 

14-18 

+ 10-0 

+12*2 

+ 12-1 

+ 12-1 

+ 9-9 

+ 0*5 

- f - ()•() 

- 0 -() 

— 4*5 

- 4*8 

-- ()-8 

-- 9-2 

24*1 

7-40 

+ 8-3 

- f -10 ’ t ) 

+ 10-7 

+ 11-2 

+11*9 

+ 8-0 

-h 4*9 

- 0-7 

~ 5-4 

- 8*0 

- 8*8 

- 9*9 

21*8 

(>-98 

+ 11*6 

+ 14*0 

+ 17*8 

+18*2 

+ 13*4 

+ 9*9 

+ 3*9 

- 1-4 

- ()-l 

- 7*9 

- 10*1 

- 8*8 

. 30*6 

9-05 

+ 13*1 

+ 13*5 

+13*7 

+ 13*5 

+ 12*4 

-h 7*3 

+ 3*1 

-- 2-9 

-- (rO 

- 9*0 

- 9*5 

-10*5 

24*2 

8-39 

+ 17*3 

+19 4 

+ 19*1 

+ 16*3 

+ 14*7 

+ 7*4 

+ 1*3 

- 5-0 

- 10-3 

- 13*1 

- 13*9 

-16*2 1 

35*0 

10-46 

+ 25*4 

+27*0 

+ 25*9 

+ 22*7 

+ 18*7 

+ 10*6 

+ 4*7 

- 4-8 

- 9-3 

-11*1 

- 13*5 

- 17*2 

48*0 

14-92 

+ 25*0 

+ 32*1 

+32*9 

+ 31*3 

+ 26*9 

4 - 15*6 

+ 8*0 

- 1-8 

-*^ 11-2 

- 17*2 

- 20*3 

- 17*6 

55*0 

17-81 

+ 19*4 

+ 27*1 

+ 33*0 

+ 33*7 

+34*8 

+ 26*5 

+ 15*0 

+ 12-3 

+ 4*3 

- 5*5 

- 13*6 

- 21*4 

00*1 

20-05 

+ 19*0 

+ 23*2 

+ 25*7 

+26*3 

+ 22*0 

+ 15*0 

+ 8*4 

+ 1-5 

- 6*0 

- 10*2 

- 14*0 

- 16*3 

45*8 

14-31 

+ 10*8 

- 1~12 • 6 

+ 13*6 

+13*8 

+ 11*9 

+ 7*9 

+ 4*0 

~ 1*4 

- 5*5 

— 7*6 

- 8*8 

- 9*6 

23*9 

7-96 

+ 19*8 

+ 23-0 

+24*9 

+ 23*8 

+ 21*0 

+ 13*4 

+ 5*5 

- 1-2 

- 7-9 

- 12.0 

- 16*0 

- 18*3 

44*7 

13-83 

+ 26*4 

+ 34-1 

+ 38*5 

+41*4 

+ 35*0 

+ 23*7 

+ 15*1 

+ 7-3 

- 4*7 

- 10*3 

- 17*2 

- 21*0 

72*8 

21-67 



Table XXVI.— Diurnal Inequality in Declination for the 


— 

l h. 

2h. 

3h. 

4h. 

6h. 

6h. 

7 h. 

Sh. 

<) b. 

10 li. 

11 h. 

Jan. 

/ 

-22-0 

/ 

-15-7 

/ 

— 8-8 

/ 

- 6-7 

/ 

+ 3-9 

/ 

+ 3‘1 

+ 0-4 

/ 

+ 4-5 

/ 

+16-7 

t 

+43-8 

/ 

+39-0 

Feb. 

—26-4 

-17-9 

-15-7 

- 7-3 

+ 2-2 

+10-9 

+19-5 

+30-3 

4“33 * 1 

4-39 -(3 

+50-2 

Mar. 

-19-4 

-14-1 

- 9-1 

- 2-2 

+ 5*4 

+10-2 

+15-8 

+25-2 

+31-2 

+34-2 

+39-2 

April 

—15-6 

-16-3 

- 6*5 

- 3-1 

+ 2-1 

+10-6 

4-15-1 

+20-1 

+28-9 

+29-2 

+35-0 

May. 

—11-2 

- 9-4 

— 5-6 

- M 

+ 3-4 

+ 6-6 

+ 9-0 

+14-9 

-i-17-2 

+ 19 •] 

+23-2 

June 

- 7-1 

- 6-2 

— 3-8 

- 0-4 

+ 0-7 

+ 5-4 

+ 7-8 

+12-4 

+13-6 

+ 13-9 

+ 17-7 

July 

-10-2 

- 7-2 

- 6-3 

- 4-1 

+ 1-0 

+ 5-2 

+ 7-5 

+11-2 

+13-7 

+ 15-7 

+18-8 

Aug. 

— 9-6 

- 7-2 

— 3-2 

- 1-3 

+ 1-2 

+ 8-1 

+10-6 

+13-8 

+15-5 

+20 •] 

+25-2 

Sept. 

-10-2 

— 7-7 

— 4-5 

- 2-0 

+ 3-9 

+ 9-6 

+12-6 

+18-2 

+24-1 

+23-8 

+26-3 

Oct. 

—13-6 

—10-3 

— 5-0 

+ 0-2 

+ 5-2 

+12-6 

+17-8 

+22-1 

+27-9 

+31-0 

+30-8 

Nov. 

—14-7 

—10-7 

— 9-7 

- 6-9 

+ 1-2 

+ 6-8 

+19-6 

+28-0 

+35-2 

+38-6 

+29 -G 

Dec. 

-20-4 

-18-0 

—13-6 

-11-2 

— 4-1 

+ 4-4 

+21-3 

+15-9 

+25* 1 

+22 *0 

+30-8 

Year 

—15-0 

—11-6 

— 7-7 

- 3-8 

+ 2-2 

+ 7-8 

+13-1 

+18-1 

+23-6 

+27-6 

+30-5 

Winter 

- 9-6 

- 7-3 

— 4-7 

- 1-7 

+ 1-6 

+ 6-3 

+ 8-7 

+13-1 

+15-0 

+17-2 

+21-2 

Equinox 

—14-7 

—12-1 

— 6-3 

- 1-8 

+ 4-2 

+10-8 

+16-3 

+21-4 

+28-0 

+29-() 

+32-8 

Summer 

-20-9 

-15-6 

-12-0 

- 7-8 

+ 0-8 

+ 6-3 

+16-2 

+19-7 

+27-5 

+3G-0 

+37-4 


12 h. 


+41-7 
+36-2 
+39-1 
+32-4 
+• 20-1 
-fl91 
+21 -3 
+22-3 
+ 22-8 
+30-7 
+31-1 
+33 G 

+29-2 
+20-7 
+31 -2 
+35-7 


Table XXVII. — Diurnal Inequality in Declination for the 


— 

1 h. 

2h. 

3L 

4 h. 

5 h. 

6h. 

7 h. 

Sh. 

Oh. 

10 h. 

11 h. 

V2 h. 1 

Jan. 

/ 

—17-2 

t 

-17-6 

/ 

-14-2 

t 

-10-4 

/ 

- 1-4 

t 

+ 2-2 

/ 

4-10-3 

f 

4- 8-7 

+23-5 

t 

4-30-3 

t 

+33-4 

/ 

+32*4 

Feb. 

-18-9 

-16-2 

-11 -1 

-10-3 

+ 5-6 

+ 5-7 

+16-0 

+19-6 

+29-7 

+33-8 

+36-3 

+29*5 

Mar. 

—13*6 

—10-7 

- 7-6 

— 5-5 

+ 1-2 

"4 J * 2 

+10-0 

+11-6 

4-18-3 

422-0 

+23-9 

+20*5 

April 

— 8-3 

- 4-7 

- 2-4 

0-0 

+ 2-2 

+ 5-4 

4- 9-9 

4-12-6 

4-17-4 

+15-1 

+15-2 

+13*5 

May 

— 5-6 

— 4-9 

— 3-2 

- 2-0 

4- 0-3 

+ 2-1 

+ 4-6 

+ 7-2 

+ 8-9 

+ 7-6 

+ 9-4 

4- 8-6 

June 

— 1-8 

- 2-1 

- 1-7 

+ 0-4 

+ 0-4 

+ 3-4 

+ 4-9 

4- 8-4 

+ 7-9 

+ 7-4 

+ 8-7 

+ 7-2 

July 

- 3-0 

- 3-1 

- 2-9 

- 4-1 

+ 0-8 

+ 1-6 

+ 5-4 

+ 5-8 

+ 6-5 

+ 7-5 

+ 7*4 

+ 6*3 

Aug. 

— 4-3 

— 4-5 

— 2-4 

+ 1-4 

+ 0-9 

+ 2-8 

+ 4-3 

+ 8-4 

+10-3 

+ 8-1 

+11*6 

+ 8*1 

Sept. 

- 3-6 

— 2-7 

- 1-5 

- 0-5 

+ 3-3 

+ 4-6 

+ 7-3 

+ 8-7 

+12-6 

+15-4 

+15*4 

+12*9 

Oct. 

— 6-9 

— 3-6 

— 0-1 

- 0-8 

+ 1-4 

+ 6-9 

+ 8-5 

+13-7 

+15-2 

+21-9 

+21*4 

+17*8 

Nov. 

— 9-6 

— 3-7 

- 6-4 

- 5-2 

- 3-0 

+ 4-8 

+19-7 

+22-8 

+28-6 

+34-4 

+25*5 

+19*5 

Dec. 

— 8-5 

—13-3 

-13-6 

-10-9 

- 4-9 

— 0-3 

+ 1-2 

+ 8-9 

+20-6 

+29-6 

+37*0 

+30*0 

Year 

— 8-4 

— 7-3 

- 5-6 

— 4-0 

+ 0-6 

+ 3-5 

+ 8-5 

+11-4 

+16-6 

+19-4 

+20*4 

+17*2 

Winter 

— 3-7 

— 3-7 

— 2-6 

- 1-1 

+ 0-6 

+ 2-5 

+ 4-8 

+ 7-5 

+ 8-4 

+ 7-7 

+ 9*3 

+ 7*6 

Equinox 

— 8-1 

— 5-4 

— 2-9 

- 1-7 

+ 2-0 

+ 5-1 

+ 8-9 

+11-7 

+16 -9 

+18-6 

+19*0 

+16*2 

Summer 

—13-6 

-12-7 

-11-3 

- 9-2 

- 0-9 

+ 3-1 

+11-8 

+15-0 

+25-6 

+32-0 

+33*1 

+27*9 


84 



] 2 Months, 3 Seasons and. the Year from all Complete Days. 


13 h. 

U h. 

16 h. 

16 h. 

17 h. 

18 h. 

19 h. 

20 h. 

21 h. 

22 h. 

22 h. 

24 h. 

Range . 

A . D . 

/ 

+ 36-7 

/ 

+ 29-4 

t 

+ 11 ‘G 

/ 

0-0 

/ 

- 13-9 

/ 

- 17-9 

t 

-27-0 

t 

- 22-9 

/ 

- 21-1 

f 

- 24-5 

/ 

- 26-1 

' 

- 24-4 

70-8 

/ 

19-24 

+ 3 G -0 

+ 34-9 

+ 21-5 

+ 4'7 

- 9*8 

- 19-9 

— 31-9 

- 39-2 

-44-2 

- 42-9 

- 34-8 

- 29-1 

94-4 

26-59 

+ 31*3 

+ 23-8 

+ 10-8 

+ 1-8 

- 8-6 

- 19-0 

- 30-7 

- 34-0 

-37-4 

- 35-7 

- 30-5 

- 27-3 

7 G -(> 

22-33 

+ 20 -5 

+ 21-1 

+ 14-2 

+ 3-4 

- 8-5 

- 16-8 

- 26-7 

- 30-6 

-32-1 

- 31-0 

- 28-5 

- 23-9 

G 7-1 

19-88 

+ 18'4 

+ 17-8 

+ 9-8 

+ 0-8 

- 8-0 

- 14-2 

- 16-8 

-23-2 

- 21-1 

- 17-8 

- 16-8 

- 15*1 

4 G -4 

13-36 

+ 15-2 

+ 12-5 

+ 8*4 

+ 2-7 

- 3-3 

- 9-9 

-19 6 

- 18 -6 

- 18-1 

- 16-0 

- 15-8 

--- 11 -0 

38^7 

10-78 

+ 20-9 

+ 13-5 

+ 11-6 

+ 1-7 

- 2-0 

- C -7 

- 18-0 

- 20-0 

-20-9 

- 20-4 

- 13-3 

- 13-0 

42-2 

11-84 

f ] 9-5 

+ 16-5 

+ 7-5 

— 2-7 

- 5-9 

- 14-1 

- 21-5 

- 22-6 

-23-7 

- 20-2 

- 17-2 

- 11-2 

48-9 

13-36 

+ 22-0 

+ 1 C -3 

+ 7-5 

+ 0-2 

- 12-3 

- lC -2 

- 23-6 

- 25-1 

- 26-4 

-27-3 

- 19-4 

- 12-5 

53-6 

16-60 

+ 25 -7 

+ 15-3 

+ 5-2 

— 4-3 

- 1 ( 3-4 

- 23-5 

- 26-2 

-31 1 

- 29-7 

- 29-1 

- 19-3 

- 16-0 

62-1 

18-71 

+ 34-1 

+ 24-7 

+ 14-8 

- 1-2 

- 13-1 

- 24-8 

- 30-9 

-36 4 

- 34-1 

- 35-4 

- 27-0 

- 19-8 

75-0 

21-98 

+38-2 

+ 33-3 

+ 24-0 

+ 12-3 

- 4-3 

- 13-5 

- 24-1 

- 30-4 

- 35 -C 

-37-2 

- 25-3 

- 22-8 

75-4 

21-73 

+ 27-0 

+ 21-6 

+ 12-2 

+ 1-6 

- 8-8 

- 16-3 

- 24-8 

- 27-8 

-28-7 

- 28-1 

- 22-8 

- 18-9 

69-2 

17-86 

+ 18-5 

+ 15-1 

+ 9-3 

+ 0 -C 

- 4-8 

- 11-2 

- 19-0 

-21-1 

- 20-9 

- 18-6 

- 16-8 

- 12-7 

42-3 

12-28 

+ 26-4 

+ 19-1 

+ 9-4 

+ 0'3 

- 11-5 

- 18 -G 

- 26-8 

- 30-2 

-31-4 

- 30-8 

- 24-4 

- 19-9 

64-2 

19-04 

+ 3 ( 5-3 

+ 30-6 

+ 18-0 

+ 3-9 

- 10-3 

- 19-0 

- 28-6 

- 32-2 

- 33-8 

-35-0 

- 28-3 

- 24-0 

72-4 

22-28 


12 Months, 3 Seasons and the Year from 10 Quieter Days a Montli. 


13 h . 

14 h . 

16 h . 

16 h . 

17 h . 

18 h . 

10 h . 

20 h . 

21 h . 

22 h . 

23 h . 

24 h . 

Range , 

A . B . 

f 

+ 22-9 

t 

+ 20-6 

/ 

-|-12 *0 

t 

+ 0-1 

/ 

- 5-8 

f 

- 12-5 

f 

-KM 

t 

- 19*9 

t 

- 18*1 

f 

M 8*5 

t 

-23-5 

/ 

- 21-1 

f 

56-9 

t 

10-36 

+ 27-1 

+ 25-0 

+ 15-3 

- j - 10*2 

- 3-5 

- 15*0 

- 24-4 

- 28-6 

-38-3 

--- 37*9 

- 27-4 

- 22-1 

74 -G 

21-14 

+ 1 G -3 

+ 13-3 

+ IM 

+ 7-2 

+ 0-5 

- 8*2 

- 16*7 

- 19*2 

-23-3 

- 18*8 

- 17-8 

- 17-8 

47-2 

13-27 

+ 12-3 

+ 9-1 

+ 8-5 

+ 1*5 

- 3*2 

- 6*4 

- 15-3 

-22 4 

- 1 G *9 

- 16-2 

— 14*4 

- 12-5 

39*8 

10-23 

+ 8-5 

+ 8-1 

+ 3-5 

+ 0*8 

- 2*1 

- 5*0 

— G *8 

- 9*3 

-10-4 

- 7-8 

- 6-7 

- 6-8 

19*8 

5-80 

+ 5-8 

+ 5-1 

+ 4-2 

+ 2-1 

~ 0*9 

- 5*4 

- 8-5 

- 9 *G 

-10-7 

- 10-1 

- 8*8 

- 6-3 

19*4 

5-49 

+ 7-2 

+ 6-5 

+ 7-3 

+ 3-3 

+ 0*4 

- 3*9 

- 7*5 

-10-5 

- 9-4 

- 8*9 

- 7-5 

- 5*2 

18-0 

5-50 

+ 8-7 

+ 7-2 

+ 2-9 

- 1-1 

- 3*3 

- 5*0 

- 9*1 

- 10-4 

-11-3 

-- 9*7 

- 7-7 

- 5*3 

22-9 

6-23 

+ 12-1 

+ 7-6 

+ 2-4 

- 4-1 

^ 9 *G 

-n *2 

-14*5 

- 13-9 

- 12-9 

- 11*0 

- 9-5 

- 7*3 

29-9 

8-53 

+ 11-2 

+ 4-8 

- 0-1 

- 8-0 

- 14*4 

- 14*1 

- 14*8 

-16-4 

- 14-7 

- 11*2 

- 8-5 

9*2 

38-3 

10-23 

+ 19-1 

+ 11-3 

+ 3-0 

- 5-7 

-- 12*9 

- 21*4 

- 24*1 

-28-2 

- 22-3 

- 19*2 

- 15-6 

- 41*4 

62-6 

15-73 

+ 18-0 

+ 15-4 

+ 8-3 

+ 5-0 

~ G .7 

- 15*0 

- 15*8 

- 16-3 

- 18-5 

-21*0 

- 16-6 

-13 *0 

58-0 

1 . 4-54 

+ 14-1 

+ 11-2 

+ 6-5 

+ 0-9 

- 5*1 

- 10*3 

- 14*5 

- 17-1 

-17-2 

- 15*9 

- 13-6 

-11 *G 

37-6 

10-87 

+ 7-6 

+ 6-7 

+ 4-5 

+ 1-3 

~ 1*5 

- 5*0 

- 8*0 

- 10-0 

-10-5 

- 9*1 

;- 7-4 

- 5*9 

19-8 

5-71 

+ 13-0 

+ 8-7 

+ 5-5 

- 0-9 

~ G *7 

- 10*0 

- 15*3 

-18-0 

- 17-0 

- 14*3 

- 12-6 

- 11*7 

37-0 

10-38 

+ 21-8 

+ 18-1 

+ 9-7 

+ 2-4 

- 7*2 

- 16*0 

- 20*1 

- 23-2 

-24-3 

- 24*2 

i 

- 20-7 

- 17*1 

57-4 

16-71 



Table XXVlII. — Diurnal Inequality in Inclination for tlie 


— 

1 h. 

21i. 

31i. 

4:h. 

5 h. 

6h. 

7h. 

8h. 

9h. 

10 h. 

11 h. 

12 h. 

Jan. 

t 

+1-45 

/ 

41-83 

/ 

41-89 

/ 

41-92 

t 

41-80 

/ 

+1-64 

/ 

41-17 

t 

+1*04 

/ 

+1*19 

/ 

+1*32 

/ 

+0-4G 

/ 

--0-35 

Feb. 

+1-69 

42-34 

42-45 

42-54 

42-69 

42-70 

42-19 

42-33 

41-46 

+0-91 

+0*24 

-0-44 

Mar. 

+1-56 

41-71 

+1*76 

41-93 

41-75 

41-73 

41-32 

41-12 

40-86 

+0*48 

~()-]3 

-0*55 

April 

+1-62 

41-94 

+1*57 

+1*38 

+1*69 

41-46 

41-32 

+0*90 

40-64 

40-25 

-0*34 

-0*73 

May 

+0-85 

41-04 

41-02 

41-13 

41-07 

+1*07 

40-75 

40-66 

+0-30 

40-21 

-0*14 

-0*37 

June 

+0-84 

+0*82 

40-82 

40-80 

+0*79 

40-75 

+0*70 

40-49 

+0-34 

+0*15 

--0-03 

--0*41. 

July 

+0-77 

41-01 

40-98 

41-14 

41-18 

41-09 

40-82 

+0*60 

+0-29 

40-11 

-0-13 

-0*55 

Aug. 

+0-71 

40-79 

41-12 

41-06 

41 14 

41-07 

40-86 

+0*63 

+0*34 

40-23 

-[-0-03 

-0*41 

Sept. 

+0-99 

40-96 

41-14 

41-28 

41-13 

41-22 

41 -00 

+0*86 

+0-G8 

40-37 

- 0*02 

-0-34 

Oct. 

+1-23 

41-43 

41-60 

41-65 

41-60 

41-38 

41-22 

+0*96 

+0-72 

40-42 

0-00 

~ 0*00 

Nov. 

+1-45 

41-64 

41-74 

41-69 

41-62 

41-46 

41-78 

+1*59 

+1-09 

40-96 

+ 0*20 

-*^ 0-49 

Dec. 

+1*30 

41-62 

41-91 

42-16 

42-45 

42-38 

42-12 

+ 1*05 

+1-G0 

40-88 

+0*1 G 

-0 • G3 

Year 

+1-20 

41-43 

41-60 

41-56 

41-58 

41-50 

41-27 

+ 1*02 

+0-79 

40-52 

+0*03 

-0*49 

Winter 

+0-79 

40-92 

40-99 

41-03 

41 04 

40-99 

40-78 

+0-60 

+0*32 

40-17 

-0-07 

-0*41 

Equinox ... 

+1-36 

41-61 

41-62 

41-56 

41-64 

41-44 

41-22 

+0*96 

+0-72 

40-38 

- 0*12 


Summer 

4-1-47 

41-86 

42-00 

+2-08 

42-14 

42-05 

41-82 

+1*50 

+1*33 

41-02 

+0-27 

-0*48 


Table XXIX. — ^Diurnal Inequality in Inclination for the 


— 

Ih. 

2 1i. 

3h. 

4h. 

6h. 

6 h. 

7 h. 

8h. 

9h. 

10 h. 

11 h. 

12 h. 

Jan. 

f 

41-00 

f 

+1-03 

r 

41-21 

41-42 

/ 

+1*61 

! 

41-48 

t 

41 62 

r 

+1*46 

/ 

41-14 

! 

+0-8G 

t 

H-0-24 

r 

-0-45 

Feb. 

+ 1 *24 

+1-G7 

+1*81 

+2*27 

42-53 

42-10 

+1*49 

+1*67 

+M2 

+0-G5 

+0-05 

-()*41) 

Mar. 

40-83 

+0*97 

+ 1*07 

41-16 

+1*14 

40-92 

+0*78 

+0*47 

40-50 

+0*37 

40-30 

-0*10 

April 

41-09 

40-92 

+0*86 

+0*74 

40-95 

+0*92 

40-92 

+0*49 

+0*25 

40-02 

-0-31 


May 

+0*42 

+0*37 

40-59 

+0-50 

+0*41 

+0*47 

40-46 

+0*29 

40-09 

+0-09 

-O-ll 

-0*i9 

June 

40-34 

40-30 

+0*39 

+0*49 

+0*40 

40-57 

40-45 

+0*26 

+0*07 

-0-04 

-0-06 

-()*15 

July 

40-40 

+0*40 

+0*40 

40-58 

40-69 

40-70 

40-61 

40-40 

40-06 

-0-02 

-0-17 

-0-23 

Aug. ...1 

40-38 

+0*36 

+0-51 

40-61 

40-59 

40-63 

40-43 

40-36 

40-09 

+0*03 

-0-09 

-0*34 

Sept. 

40-76 

+0*57 

+0*54 

40-60 

40-57 

40-57 

40-32 

40-37 

40-16 

+0*18 

-0*10 

-0*33 

Oct. 

40-92 

+1*02 

+1*12 

41-18 

41-04 

41-05 

40-74 

40-63 

40-32 

+0*12 

-0-14 

-0*G4 

Nov. 

40-90 

+1*07 

+0*95 

41-03 

41-17 

41-19 

41-52 

41-16 

40-62 

+0*54 

+0*02 

-0*58 

Dec. 

40-93 

+0*90 

+1*12 

41-44 

41-66 

41-64 

41-38 

41-02 

40-90 

+0*78 

+0*29 

-0*35 

Year 

40-77 

+0*80 

+0*88 

41-00 

41-06 

41-01 

40-89 

40-71 

40-44 

+0*30 

-0*01 

—0*36 

Winter 

40-39 

+0*36 

+0*47 

40-64 

40-52 

40-57 

40-49 

40-33 

40-08 

+0*01 

-0*11 

—0*23 

Equinox 

40-90 

+0*87 

+0*90 

40-92 

40-92 

40-86 

40-69 

40-47 

40-31 

+0*17 

— 0*0G 

—0*38 

Summer 

41-02 

+1*17 

+1*27 

41-54 

41-74 

41-60 

41-50 

41-33 

40-94 

+0-71 

+0*15 

-0*47 


86 



12 Months, 3 Seasons and the Year from all Complete Days. 


13 h. 

14 li . 

15 h. 

Ifi h. 

17 h. 

18 h. 

19 h. 

20 h. 

21 h . 

22 h. 

23 h. 

24 h. 

Range. 

A . D . 

t 

- 1-05 

/ 

- 1-58 

/ 

- 2-29 

' 

- 2-54 

/ 

- 2-49 

/ 

- 2-29 

/ 

M -80 

/ 

- 1*29 

/ 

- 0-74 

/ 

- 0-20 

t 

+ 0*26 

! 

+ 0*60 

/ 

4 - 4 G 

t 

1*383 

- 1-52 

- 2*50 

-. 3-28 

-4 18 . 

- 3-32 

- 2-54 

- 2-23 

- 1*84 

- 0-90 

- 0*22 

+ 0 - 4(5 

+ 1*01 

6*88 

1*918 

-MO 

- 2-07 

- 2-31 

- 2 - 4(5 

- 2-75 

- 2-32 

- 1-76 

- 1-01 

- 0-27 

+ 0-41 

+ 0*91 

+ 1-18 

4 - G 8 

1-394 

- M 6 

- 1*85 

- 2*29 

- 2-62 

- 2-24 

- 2-15 

- 1-43 

- 0-84 

- 0-10 

+ 0-42 

+ 1-10 

+ 1-47 

4*56 

1*313 

- 0-82 

- 1-09 

- 1-40 

-1 *35 

- 1*38 

M *39 

- 1-01 

-- 0-57 

- 0-28 

+ 0-22 

+ 0-(50 

+ 0-90 

2-53 

0-818 

- 0-72 

- 0-90 

- 0-94 

- 1 - 2(5 

- 1-43 

- 1-12 

- 0*89 

- 0*59 

- 0-18 

- h 0*38 

+ 0-74 

+ 0-85 

2-28 

0*706 

- 0 - C 8 

- 1-00 

- 1-24 

- 1 - 2(5 

- 1-41 

- 1-28 

- 0-98 

- 0-71 

M )* 1 C 

+ 0-18 

+ 0*52 

+ 0-71 

2-59 

0-783 

- 0 - G 9 

- 1-22 

- 1-39 

- 1-64 

- 1-47 

- 1-28 

- 0-96 

- 0-47 

- 0*07 

+ 0-31 

+ 0*57 

+ 0-74 

2-78 

0-800 

- 0-83 

- 1-40 

- 1-81 

- 2-07 

- 2 - 0 .') 

-1 -54 

- 0-98 

- 0-.55 

- O-IO 

+o-,3(; 

+ 0*70 

+ 0-99 

3 -.35 

0-973 

- 1-22 

- 1-59 

-1 -97 

- 2-19 

- 2-25 

-1 -94 

- 1-44 

- 0-85 

-^ 0-25 

+ 0-57 

+ 0*60 

+ 0-91 

3-90 

1-191 

- 0-94 

- 1-75 

- 2-55 

- 3-01 

- 2-74 

- 2-31 

-1 -75 

-1 -08 

~~()*51 

+ 0-27 

+ 0*55 

+1 -07 

4-79 

1-427 

- 1*09 

- 1 - 7 D 

- 2*53 

- 2 -(50 

- 2-98 

- 2-07 

- 2-05 

~ l -(54 


- 0-20 

+ 0*52 

+ 0-98 

5-43 

1-.593 

- 0-98 

- 1-50 

- 2-00 

- 2-26 

- 2-21 

- 1-90 

-1 -44 

- 0-95 

--^ 0*38 

+ 0-21 

+ 0*63 

+ 0-95 

3-84 

1-182 

- 0-73 

- 1 -OC 

- 1-24 

- 1-38 

- 1-42 

- 1-27 

- 0-90 

- 0-58 

--- 0*17 

+ 0-27 

+ 0*61 

+ 0-80 

2 - 4(5 

0-776 

- 1*08 

- 1-72 

- 2-10 

- 2-33 

- 2 -.32 

- 1-99 

- 1-40 

- 0-81 

M )*18 

+ 0-44 

+ 0*83 

+ 1-14 

3-89 

1-218 

- M 5 

- 1'91 

- 2 -60 

- 3-08 

- 2-88 

- 2-45 

-1 -96 

- 1 - 4(5 

- 0*78 

- 0-09 

+ 0*45 

+ 0-91 

5-22 

1-575 


12 Months, 3 Seasons and the Year from 10 Qnietcr Days a Month. 


13 h. 

14 h. 

16 h. 

10 h. 

17 h. 

18 h. 

lU ii. 

20 h. 

21 h. 

22 h. 

ii. 

2't h. 

Range. 

A.l>. 

/ 

- 0*83 

t 

- M 6 

/ 

- 1*79 

t 

- 2-15 

/ 

- 2-29 

/ 

- 1-92 

f 

- 1*44 

t 

-1 *00 

/ 

- 0-41 

f 

- 0*35 

t 

+ 0-18 

+ 0-52 

3-91 

r 

M 4 B 

- 1*30 

*98 

- 2-49 

- 3-28 

- 2-44 

- 1-85 

- 1-84 

- 1-48 

- 0-63 

- 0-18 

+ 0-40 

+ 0*87 

5-81 

1-489 

- 0*69 

- 1*00 

- 1*39 

- 1-78 

- 1*70 

- 1-25 

- 0*97 

- 0-82 

- 0*31 

+ 0*16 

+ 0*58 

- I - 0-70 

2-94 

0*828 

- 0-69 

- 0*99 

- 1-18 

- 1*17 

-1 -22 

- 1-17 

- 0 - 8(5 

- 0-(53 

- 0-13 

+ 0*36 

+ 0*58 

+ 0-70 

2 *31 

0*733 

- 0*32 

- 0-45 

- 0*59 

- 0-67 

- 0*62 

~o*r)i 

- 0-56 

- 0-23 

-- 0-04 

+ 0*05 

+ 0-23 

•^ h ()*33 

1 - 2(5 

0-.358 

- 0-32 

- 0-45 

- 0*49 

- 0*58 

- 0-69 

~ 0-60 

— 0-51 

- 0*23 

0*00 

+ 0-21 

+ 0-25 

+ 0*38 

1-26 

0 - 34.3 

- 0-45 

- 0*61 

- 0*79 

- 0-92 

- 0-74 

- 0-()(5 

- 0-43 

- 0-22 

+ 0-08 

+ 0-20 

+ 0-.37 

+ 0-37 

]-(52 

0-438 

- 0-50 

- 0*57 

- 0*70 

-0 80 

- 0-78 

- 0-57 

- 0-43 

- 0-14 

+ 0-02 

+ 0-24 

- 1 - 0-33 

- 1 - 0 - 4(5 

1-41 

0-410 

- 0-65 

- 0*90 

- 1*02 

- 1-05 

- 1-11 

- 0-77 

- 0-49 

- 0-12 

- 1 - 0-21 

+ 0-43 

+ 0 - 5.3 

+ 0 - 7.3 

1-87 

0-545 

- 1-16 

- 1*42 

- 1*49 

- 1-53 

- 1-49 

- 1-01 

- 0-(58 

- 0-20 

+ 0-11 

+ 0-33 

+ 0-.54 

+ 0-73 

2-71 

0-813 

- 0-91 

- 1*55 

- 1*82 

-1 -96 

- 1-91 

- 1-151 

- 1-15 

- 0-70 

+ 0-01 

+ 0-45 

+ 0-74 

+ 0-72 

. 3-48 

1-008 

- 0-66 

- 1*17 

- 1*71 

- 1-81 

- 2-18 

- 1-94 

- 1-30 

- 1 - 1(5 

- U -75 

- 0 - 2(5 

+ 0-35 

+ 0-88 

3-84 

1-108 

- 0-70 

- 1*02 

- 1*29 

- 1-48 

- 1-43 

- 1-15 

- 0-89 

- 0-58 

- 0-15 

+ 0-14 

+ 0-42 

+ 0-62 

2-54 

0 - 7.54 

- 0-40 

- 0*52 

- 0*64 

- 0-74 

- 0-71 

- 0-58 

- 0-48 

- 0-21 

+ 0-01 

+ 0-17 

+ 0-29 

+ 0-.39 

1-31 

0-385 

- 0-77 

- 1*08 

- 1*27 

- 1-38 

- 1-38 

- 1-05 

- 0-75 

- 0-44 

- 0-03 

+ 0-.32 

+ 0 - 5(5 

+ 0-71 

2-30 

0-716 

- 0-93 

- 1*47 

- 1*95 

- 2-30 

- 2-20 

- 1-80 

- 1-43 

- 1-08 

- 0-42 

- 0-08 

+ 0-42 

+ 0-75 

4-04 

1-178 



Table XXX. — Diurnal Inequality in Horizontal Force for the 


— 

Ih. 

2h. 

3h. 

4 h. 

6h. 

6h. 

7h. 

8h, 

9h. 

10 b. 

11 h. 

12 h. 


y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 


Jan. 

-2G-9 

-34-3 

-35-6 

-36-7 

-35-0 

-32-3 

-23-1 

-2M 

-23-5 

-20-8 

-10-7 

+ 5-2 

Feb. 

-31-7 

-44-5 

-46-9 

-49-0 

-62-5 

-53-3 

-43-6 

-46-6 

■^29-7 

-19-1 

- G-G 

+ 6-5 

Mar. 

-29-7 

-32-8 

-34-0 

-37-5 

-34-6 

-34*4 

-26*7 

-22-7 

-17-5 

-10-2 

+ 1-0 

+ 9-4 

April 

-30-9 

-37-6 

-30-6 

-27*2 

-33-5 

-28-9 

-26-6 

-18-4 

-13-5 

- 6-0 

H- 5-4 

+13-1 

May 

-16-2 

-19-9 

-19 -6 

-22 1 

-21-3 

-21-5 

-15*3 

-13-8 

- 6-7 

- 4-9 

+ 1-8 

+ 6-3 

June 

-16-0 

-16-7 

-15*9 

-15-7 

-15*7 

—15-2 

-14-4 

-10-4 

- 7-5 

- 3-8 

- 0-3 

+ 7-2 

July 

— 14-G 

—19-4 

-19-0 

-22-2 

-23-4 

-21-8 

-16-7 

-12-6 

— 6*G 

- 3-0 

+ 1-6 

+10 -1 

Aug. 

-13-4 

-15-1 

-21-8 

-20-6 

-22-5 

-21-4 

-17-3 

-12-9 

- 7-4 

- 5-2 

- 1-3 

+ 7-2 

Sept. 

-18-9 

—18-1 

-22-0 

-25 1 

-22-3 

-24-3 

-20-1 

-17-4 

-13*8 

- 7-9 

- 0-4 

+ .'j-S 

Oct. 

-23-3 

-27-2 

-30-8 

-31-9 

—31-4 

-27-3 

-24-2 

-19-2 

—14-G 

- 9-0 

- 1-0 

+10-0 

Nov. 

—27-0 

-30-6 

-33-1 

-32-7 

-31-9 

-29-4 

-35-5 

-31-5 

-21 -G 

-19 -G 

- 5-7 

+ 8-0 

Deo. 

—23-6 

-30-1 

-36-1 

-41-6 

-47-5 

— 46-6 

-42-2 

-21-4 

-32-3 

-]8-G 

- 6-3 

+ 9-7 

Year 

-22-7 

-27-1 

-28-8 

-30 -2 

-31 0 

—29-7 

-20-6 

-20-7 

-16-2 

-11-2 

- 1-7 

+ 8-3 

Winter 

-16-1 

-17-5 

-19-1 

-20-2 

-20-7 

—20-0 

-15-9 

-12-4 

- 7-1 

- 4-2 

+ O-T) 

+ 7-7 

Equinox 

-25-7 

-28-9 

-29-4 

-30-4 

-30-4 

—28-7 

-24-4 

-19-4 

-14-9 

- 8-3 

-h 1-4 

+ 9-7 

Summer 

-27-3 

-34-9 

-37-9 

-40-0 

-41-7 

-40-4 

-36-2 

-30-1 

-2G-8 

-21-0 

— 7-1 

+ 7-3 I 


Table XXXI.— Diurnal Inequality in Horizontiil Force for tlie 


— 

1 h. 

2h. 

3h. 

4h. 

•5 b. 

6h. 

7h. 

8h. 

9h. 

10 b. 

11 b. 

12 h. 


y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

Jan. 

-18-4 

—18-9 

-22-4 

-27-0 

—31-0 

-28-9 

-32-3 

-29-6 

-22*5 

-17-7 

- 5-7 

-h 7-4 

Feb. 

-23-1 

-31-6 

-34-4 

-43-6 

-49-0 

-41-2 

-29-6 

-33-5 

-22-9 

-13-8 

- 2-7 

+ 7-7 

Mar. 

-15-9 

-18-6 

-20-7 

-22-4 

-22-2 

-18-3 

-15-8 

- 9-1 

- 9-7 

- 7-1 

- G-J 

+ 1-1 

April 

-21 0 

-^17-7 

-16-6 

-14-3 

-18-7 

-18-2 

-18-6 

-10-0 

- 5-2 

- 0-9 

+ 5-3 

H" 7-7 

May 

- 8-0 

- 7-0 

-11-3 

- 9-7 

- 8-2 

- 9-4 

- 9-3 

- 5-9 

- 2-0 

- 2-0 

+ 1-8 

+ 3 •4 

June 

— 6-4 

- 5-7 

- 7-6 

— 9-5 

- 7-9 

-11-4 

- 9-2 

- 5-5 

- 1-8 

+ 0-3 

+ 0-G 

+ 2-G 

July 

- 7-6 

- 7-6 

- 7-6 

-11-3 

-13-7 

-13-9 

-12-3 

- 8-3 

- 1-5 

0-0 

+ 2-9 

-j" 4-2 

Aug. ...' 

- 7-2 

— 6-7 

— 9-7 

-11-7 

-11-6 

—10-6 

- 8-7 

- 7-2 

- 2-2 

- 1-0 

+ 1-5 

+ 6-2 

Sept. 

-14-6 

—10-5 

-10-3 

—11-6 

-11-2 

-11-4 

- 6-6 

- 7-6 

- 3-4 

- 4-0 

+ 1-4 

+ 5-9 

Oct. 

—17-4 

-19-3 

-21-4 

-22-7 

-20-4 

-20-7 

-14-8 

-10-6 

- 6-8 

- 2-7 

+ 2-0 

+11-3 

Nov. 

-16-2 

-19-7 

-17-9 

—19-6 

-22-7 

-23-4 

-30-1 

-23-2 

-12-6 

-11-8 

- 2-0 

+10-0 

Dec. 

-16-8 

-16-2 

-20-6 

-27-4 

-31-9 

-32-2 

-27-0 

-20-0 

-17-7 

-16-9 

- 7-4 

+ 5-2 

Year 

-14-4 

-16-0 

-16-7 

-19-2 

-20-7 

-19-9 

-17-9 

-14-2 

- 9-0 

- 6-5 

- 0-7 

+ 6-1 

Winter 

- 7-3 

- 6-8 

- 9-1 

-10-6 

-10-3 

-11 3 

- 9-9 

- 6-7 

- 1-9 

- 0-7 

+ 1*7 

+ 4-1 

Equinox 

, -17-2 

—16-5 

-17-3 

-17-8 

-18-1 

-17-2 

-14-0 

- 9-3 

- 6-3 

- 3-7 

+ 0-7 

+ 6-5 

Summer 

, -18*6 

-21-6 

-23-8 

-29-4 

-33-7 

-31-4 

-29-7 

-26-6 

-18-9 

-15-1 

- 4-5 

+ 7-6 
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12 Montlis. 3 Seasons and the Year from all Complete Days. 


Ki h. 

14 h. 

15 li. 

1(> h. 

17 li. 

18 h. 

19 h. 

20 h. 

21 h. 

22 h. 

23 h. 

24 h. 

Range. 

A.D. 

y 

r 

y 

y 

y 

y ' 

y 

y 

y 

y 

y 

y 

y 

y 

1+18-5 

+2<j-;j 

• 1-4.1 •<; 

+49-0 

+48-5 

+44-8 

+35-7 

+25-8 

+15-3 

+ 5-0 

- 3-8 

-10-3 

85-7 

26-71 

+27-7 

t-18-n 

+(!2-9 

+81 -3 

+65-1 

+.50-1 

-1-44 -4 

+37-1 

+19-1 

+ 6-1 

- 7*1 

-18-1 

134-6 

37-39 

;+20-2 

l-;i't-7 

+44-.5 

-1-47-7 

+54-2 

4-46-0 

-1-35 -3 

+20-8 

+ 6-3 

- 6-9 

-16*7 

-22-1 

91-7 

27-14 

.+21 -C. 


•144-4 

-1-51-5 

+44-4 

+43-0 

+29-0 

+17-6 

+ 3-1 

- 7-2 

-20*6 

-27-8 

89-1 

25-72 

'+15 -3 

l-^o-n 

+ 27-2 

+26-5 

+27-3 

-h28-l 

+20-5 

+12-0 

+ 6-6 

- 3*6 

-10-8 

-16-8 

50-2 

16-04 

i+l.-M 

t-17-3 

+ 18-1 

...1-24-8 

+28-4 

+22-6 

+18-3 

+12-4 

+ 4-5 

- 6*6 

-13-9 

-16-1 

44-5 

13-93 

+ 12-7 

1-19-2 

+24-1 

-1.-24 -7 

-127-9 

+25-5 

+19-7 

+14-9 

+ 4-1 

- 2*5 

- 9-4 

-13-3 

51*3 

15-38 

+ 12-8 

l-2.*l-4 

1-27-0 

1-32-1 

-1-29-2 

+26-5 

+19-3 

+ 9-9 I 

+ 2-2 

1- 5*3 

,-10-5 

-13-9 

54*6 

15-72 

t 15-:! 

-I-2C-7 

+35-0 

-1-40-5 

-l-4()-3 

4-30-5 

-1-19-8 

+11-5 

+ 2-7 1 

- 6-2 

-12-7 

-18-7 1 

65-6 

19-00 

!■( 22*7 

1 ;io-i 

4-17-9 

■■l-i2-.5 

-1-44-1 

+38-3 

4-28-6 

+17-3 

+ 5-7 

-10*3 

-10*7 

-16-8 

76-0 

23*16 

i-t 

1 .T2-7 

1-48-8 

•1 58-4 

•■l-,53-(i 

-1-45-4 

-1-34-8 

+21-9 

+11-1 

- 4*1 

- 9-4 

-19-5 

93-9 

27-63 

j + 18-8 

1 ;h -9 

1-48-0 

■1-.50-1 

-1-58-3 

-1-52 -8 

+40-9 

+33-1 

+20-4 

-h 5-7 

- 8-1 

-17-2 

105-8 

30*85 

-tl8-l) 

f 29-9 

+;i8-5 

+44-1 

+■43-4 

+37-7 

4-28-9 

+19-5 

+ 8-4 

- 3-0 

-11-1 

-17-6 

75*1 

23-04 


1-20-2 

■1-24-2 

+27-0 

4-28-2 

4-25-4 

+19-6 

-1-12-3 

+ 4 -.4 

- 4-5 

-11-2 

—15-0 

48-9 

15-24 

no 

■1 liMl 

1- .‘1.1-0 

1-10-4 

-l-45-« 

-145-8 

-h19-5 

+28-2 

+1.6-8 

+ 4-6 

- 7-7 

—15*2 

—21-4 

76*2 

23*73 

1 20-5 

1 .‘1.5 -<i 

+.50-8 

+59-7 

-I-.56-4 

“1“ 48 ■ 3 

+39-0 

+29-5 

+16-5 

+ 3*2 

- 7-1 

—16-3 

101*4 

30*57 


12 Months, 3 Seasons and the Year from 10 Quieter Days a Month. 


11 h . 

14 h . 

15 h . 

10 h . 

17 h . 

18 li . 

19 h . 

20 h . 

21 h . 

22 h . 

23 h . 

24 h . 

Range . 

A . D . 

y 

1 - 11 -6 
■. [ 21-8 
1 - 10-7 
^ 1 - 12-7 
4 - ( i -0 

1 - 5-9 

I - 8-5 

1 . 9-4 1 
1 - 12-1 

1 21-5 
+ 16-4 
- 1 - 11-0 

- 1 - 12-7 
1 - 7-5 
- 1 - 14-3 
+ 16-5 

y 

.- 1-21 -2 
l -.‘ 17-4 

1 18-7 
118-7 
4 - 8-6 
4 - 8-7 
1 - 11-7 ’ 
1 - 10-8 
- 117-1 
4 - 27-1 
4 - 28-9 
1-21 -0 

4 - 19-2 
+ 10-0 
4 - 20-4 
- 1 - 27 -1 

y 

4 - 11-6 
- 1 - 47 -d 
+ 26 -1 
1 - 22-7 
1 - 11-1 
h 9-5 
+ 15-5 
4 - 11 -5 
- 1 - 19-7 
4 - 28-7 
4 - 14-7 
+31 -7 

- 1 - 24 -6 
+12 * 4 
+ 24-4 
+ 36-9 

y 

- 1-41 -5 

- 1 - 63-8 

- 1 - 34-4 

- 1 - 22-8 

1 13 0 
- 1-11 -3 
+ 18-1 
- 1 - 15-6 
- 1 - 20-5 
+ 29-8 
4 - 37-9 
- 1 -. 14-3 

4 - 28-6 

4 - 14-5 

4 - 26-9 

+ 44-4 

y 

4 - 44-7 

+ 47-7 
4 - 33-3 
424-1 
- 4 - 12-2 
+ 13-8 
- 1 - 14-7 
+ 15-5 
+-21 -9 
+ 29-1 
4 - 37-3 
+ 42-5 

+ 28-1 

+ 14.1 

+ 27-1 

+ 43-0 

y 

+ 37-8 
- 4 - 36 -5 
- h 24-7 
4 - 23-3 
+ 10-1 
- 1 - 12 -J 
4 - 13-2 
4 - U -3 
+ 15-4 
+ 20-1 
- 1 - 29-9 
+ 38-1 

+ 22-7 

4 - 11-7 

+ 20-9 

+ 36-6 

y 

- 1 - 28 -6 
+ 36-8 
4 - 19-3 
+ 17-3 
-+- 11 -4 
+ 10-4 
4 - 8-7 
- 1 - 8-7 
4 - 10-0 
+ 13-8 
- 1 - 22-9 
+ 25-9 

+ 17-8 
-+■ 9-8 
+ 16-1 
-[-28 * 6 

y 

+ 20*4 
- f 29-7 
+ 16-6 
+ 13-3 
+ 4-9 
+ 4-9 
+ 4-7 
+ 3-0 
-+- 2-6 
+ 4-4 
+ 14-4 
+ 23-2 

+ 11-8 
+ 4-4 
+ 9-2 
+ 21-9 

y 

+ 8-6 
+ 11-5 
+ 6-8 
+ 3-7 
+ 1-2 
+ 0-4 
- 1-2 
0-0 

- 3-8 

- 1-6 
+ 0-8 
+ 15-6 

+ 3-6 
+ 0-1 
+ 1-3 
+ 9-1 

y 

+ 7-8 
+ 5-0 

- 2-4 

- 6-3 

- 0-7 

- 3-7 

- 3-5 

- 4-4 

- 8-1 

- 5-8 

- 7-8 
+ 6-2 

- 2-0 

- 3-1 

- 5-7 
+ 2-8 

y 

- 2-5 

- 6-4 
- 10-9 
- 10-8 

- 4-2 

- 4-6 

- 6-9 

- 6-0 

- 9-8 
- 10-0 
- 13-6 

- 6-3 

- 7-6 
_ 5-4 
- 10-3 

- 6-9 

y 

- 8-9 
- 15-6 
- 13-1 
- 13-3 
_ 6-2 

- 7-2 
6-8 

- 8-6 
- 13-7 
- 13-6 
- 12-8 
- 15-7 

- 11-3 
- 7-2 
- 13-4 
- 13-3 

y 

77 - 0 
112-8 

56-8 

45-1 

24 - 3 

25 - 2 
32-0 
27-3 
36-5 
52-6 
68-0 
74-7 

49-3 

25-8 

45-2 

78 - 1 

y 

22-17 

28-96 

16-01 

14 - 30 
6-99 

6 - 71 
8-52 

7 - 96 
10-55 

15 - 66 
19-43 

21 - 24 

14-18 

7-63 

13-48 

22 - 79 
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Table XXXII. — Diurnal Inequality in Total Force for the 


— 

Ih. 

2h. 

3h. 

4h. 

5h. 

6h. 

7h. 

8h. 

9h. 

10 h. 

11 h. 

12 h. 

Jan. 

y 

y 

y 

r 

y 

y 

y 

y 

y 

)' 

y 

r 

+28-4 

+ 31-9 

+27-8 

+21-0 

+10-8 

+ 3-3 

- 3-G 

- 7-8 

+ 1*0 

- 9*5 

-24-4 

-27-2 

Feb. 

+28-1 

+28-9 

+25-3 

+21-7 

+13-8 

+ 4-0 

- 2-7 

- 6*1 

-12-9 

-17*8 

-28 *8 

-36*3 

Mar. 

+18-6 

+16-2 

+12-5 

+ 11-1 

+ 3-9 

- 3-7 

- 8-2 

- 9*5 

- 7*G 

- 9*5 

-lG-8 

-24.2 

April 

+20-4 

+14-7 

+ 9’3 

+ 2-9 

- 1-2 

- 3-5 

- 7-3 

-10-1 

-13-5 

-15-5 

— 19*G 

- 22-6 

May 

+10-9 

+11 -4 

+ 9-2 

+ 3-1 

- 1-9 

~ 6*3 

- 7-3 

-10-5 

-11*3 

-11*8 

-13-0 

- 16-8 

June 

-h 9-C 

+ 9-3 

+ G-fj 

+ 2-1 

- 2*3 

- 5-0 

- 8-6 

-10-3 

-12*4 

-13-2 

- 15-4 

-14*7 

July 

+10-9 

+ 8-9 

+ 7-7 

+ 4-8 

+ 0-3 

- 4-5 

— 8-8 

-12*2 

--12-1 

- 14*5 

- 14*5 

-13-0 

Aug. 

+ 9-7 

+ 9-G 

+ 7-r) 

+ 5-7 

+ 0*5 

- 2-7 

- G-0 

- 7-4 

-10*1 

-11*7 

-12*5 

-140 

Sept. 

~1“12 ■! 

+1M 

+ 8-1 

+ 4-2 

+ 0-9 

- 2-1 

- 4-3 

- 5-3 

- G*8 

~10*8 

-13*G 

-14-9 

Oct. 

+17-2 

+191 

+15-2 

+11-9 

+ 5-0 

- 0-2 

— 0-7 

- 2*9 

- G*5 

-~10*(> 

-14*9 

-21-9 

Nov. 

+28-8 

+ 31-0 

+22-1 

+12-9 

+ 2-8 

- 6-2 

- 2-9 

- 1*5 

+ 0*1 

- 9*9 

-27*7 

-27-0 

Dec. 

+32-9 

+31-7 

+28-1 

+18-G 

+17-9 ' 

+ 9-1 

- 3-0 

- 9*7 

-- 9*3 

-17*7 

-34*3 

-43-1 

Year 

+19-0 

+18-7 

+14-9 

+10-0 

+ 4*2 

- 1-5 

- 5-3 

- 7-8 

-- 8*5 

-12*7 

-19*8 

-23-0 

Winter 

+10-3 

+ 9-8 

+ 7-7 

+ .3-9 

- 0-8 

- 4-8 

- 7-7 

-10 *1 

-11*5 

-12*8 

-14*3 

- 14-6 

Equinox ... 

+17-1 

+15 -3 

+11-3 

+ 7-5 

+ 2-2 

- 2-4 

- 5-1 

- C-9 

- 8*G 

-11*0 

-1G*2 

-20-9 

Summer - ... 

+29 ■ 9 

+ 30-9 

+25 *8 

+18-5 

+11-3 

+ 2-6 

— 3-1 

- 6-3 

- 5*3 

-13*7 

-28*8 

-33-4 


Table XXXIII. — ^Diurnal Inequality in Total Force for tlie 


— 

111. 

2h. 

3h. 

4:h. 

5h. 

6h. 

7 h. 

8h. 

9h. 

10 h. 

11 h. 

12 h. 

Jan. 

y 

+ 22-1 

y 

+ 24-2 

y 

+ 24-1 

y 

+ 18*8 

y 

+ 14-4 

y 

+ 7-2 

y 

- 1*9 

y 

- 9-6 

y 

+ 0-5 

y 

- 10*9 

y 

- 10*1 

y 

- 24*4 

Feb . 

+ 23-5 

+ 23-5 

+ 22-6 

+ 22-2 

+ 16*6 

+ 7-7 

- 1*6 

- 6*5 

- 10*8 

- 14*0 

- 28-2 

- 31*0 

Mar. 

+ 9-7 

+ 9-1 

+ G *8 

+ 8*5 

+ 4-4 

- 0*5 

- 4-4 

+ 2-6 

+ 4-1 

+ 5-1 

- 3*9 

- 14-2 

April 

+ 10-5 

+ 7-4 

+ G -3 

+ 4-5 

+ 0 *G 

- 0*3 

- 5*0 

- 3*7 

- 4*4 

— 6*6 

- 13-4 

- 17-4 

May 

+ 5*0 

+ 6-4 

+ 5-7 

+ 2-2 

- 0 *G 

- 2*3 

- 2-7 

- 2-9 

- 3*3 

- 4*2 

- 6*0 

- 6*5 

June 

+ 5-5 

+ 3*4 

+ 3-0 

+ 2*0 

+ 0*2 

- 1*7 

- 4-7 

- 4*9 

- 7*2 

- 7*0 

- 8-2 

- 7*2 

July 

+ 4-7 

+ 4-5 

+ 5-3 

+ 2-9 

+ 1-0 

- 2*3 

- 3*9 

- 5-1 

- 5*7 

- 7*1 

- 7*5 

- 7-0 

Aug. 

+ 6-3 

+ G -7 

+ G -2 

+ 4-7 

+ 2-2 

- 0*6 

- 4*0 

- 4-7 

- 5*6 

- 7*1 

- 6*4 

- 8-6 

Sept. 

+ 8-5 

+ 12-2 

+ 6-9 

+ 3-5 

+ 1-1 

- 1*6 

- 4*4 

- 3-4 

- 3*7 

- 6*2 

- 9*7 

- 9 -(> 

Oct. 

+ 13-9 

+ 14-8 

+ 13-5 

+ 9-7 

+ 4-5 

+ 0*3 

- 1*9 

- 1-9 

- 7*6 

- 6*8 

- 12*1 

-21 1 

Nov . 

+ 24-8 

+ 23-3 

+ 16-4 

+ 13-5 

+ 8-7 

+ 2*4 

+ 0*8 

- 4-4 

- 6*5 

- 17*5 

- 25*8 

- 24-9 

Dec . 

+25 *6 

+ 25-8 

+ 26-2 

+ 18-9 

+ 14-3 

+ 5*6 

+ 3-9 

+ 3-3 

+ 0*9 

- 23*6 

- 25*3 

- 28-5 

Year 

+ 13-3 

+ 13-4 

+ 11-8 

+ 9-3 

+ 5-6 

+ 1*2 

— 2-5 

- 3-4 

- 4*1 

- 8*8 

- 13*6 

- lG -7 

Winter 

A - 6-4 

+ 5-0 

+ 5-0 

+ 2-9 

+ 0-7 

- 1*7 

- 3-8 

- 4-4 

- 5*5 

- 6*4 

- 7*0 

- 7-3 

Equinox 

4 - 10-6 

+ 10-9 

+ 8-4 

+ 6-5 

+ 2-6 

- 0*5 

- 3-9 

— 1-6 

- 2*9 

- 3*6 

- 9*8 

- 15-0 

Summei 

H - 24-0 

+ 24-2 

+22 * 1 

+ 18-4 

+ 13-5 

+ 6*7 

+ 0-3 

- 4-3 

- 4*0 

- 16*5 

- 23*8 

- 27-2 
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12 Months, 3 Seasons and the Year from all Complete Days. 


13 U. 

U h. 

16 h. 

16 h. 

17 h. 

18 h. 

10 u. 

20 h. 

21 h. 

22 h. 

23 li. 

24 h. 

Range. 

A.D. 

r 

y 

y 

y 

y 

y 

V 

y 

r 

y 

y 

y 

y 

y 

-36-7 

-30 -G 

-27*3 

-19 ‘5 

~U-4 

- 7-9 

0-0 

-h 5-2 

4-11-7 

-l-lG-7 

+21-3 

+2G-7 

G8-G 

17-15 

-37-4 

-37-9 

-31-() 

-22 -fi 

- 9-9 

- 3-0 

4-4 

-t-11-9 

4-20-6 

4-27-8 

+3M 

4-29-4 

69-0 

20-68 

- 24-8 

-21 -6 

-19*8 

-14-9 

- 3*4 

-1- 2-0 

+ 7-7 

4-13-5 

4-15-8 

-hl9-7 

•+21-5 

+ 21-6 

4C-4 

13-67 

-21-9 

-18-9 

-13-9 

- 7-G 

- 0-1 

+ 5-5 

+ 9-8 

4-14-0 

4-19-0 

4-18-3 

■“f- 1 9 * (> 

+ 21-2 

43-8 

12-93 


-12-7 

- G-8 

- 4-3 

- 2-1 

H- 7-7 

4- 9-7 

4- 9-9 

4-15-4 

-1-14 -9 

-j-14 *3 

+ 15-8 

32-C 

10-18 


- 9-9 

- (rf) 

- 3-7 

-I- 3-0 

-h C-8 

4- 9-3 

4-13-1 

- M 5-9 

-hl5-2 

+11-8 

+13-0 

31-3 

9-64 

-ll-G 

-1] -0 

- 7-4 

- 5-4 

+ 0-2 

-1- 2-9 

4" f5*6 

4-12 -G 

■fl5-l 

4 - 18-2 

-hl3-9 

+13-0 

32-7 

9-66 

-13-0 

-12-7 

- 8-8 

- 4-7 

+ 2-2 

+ 2-4 

4- 5-9 

4-10-0 

4-11-7 

+ 13-3 

+12-8 

+12-5 

27-3 

8-67 

- 16-8 

-J5-0 

-14*3 

- 7-4 

- 3*8 

+ 1-] 

4- (i-5 

i-t- 9-0 

+ 12-1 

-[-14 -9 

+ 19-1 

-1-15-4 

35-9 

9-57 

- 23-7 

-20 -8 

-18*4 

-13-2 

- 9-1 

- 2-4 

-1- 2-9 

|4- 8-3 

-M3-1 

+15-9 

+ 18-7 

+17-9 

42-8 

12-10 


- 30-5 

-25-7 

-I9-fi 

-11-9 

- 4-2 

+ 1-4 

4- 8-7 

4 16-6 

4-19-8 

+24-0 

+2G-9 

Cl -5 

16-16 

-447 

-43-8 

-34-0 

-22-1 

-10*5 

- 1-3 

4- 5-9 

j+lO-l 

4-21-1 

-[-27 -7 

+ 35-8 

4-34 -C 

80-6 

22-79 

- 23-9 

-22-1 

-17*9 

-12-1 

- 4*7 

4- 0-8 

4- 5-8 

4-10-5 

14-16-G 

+18-6 

+20 • 3 

+ 20-7 

44 -G 

13-26 

-13-4 

-u-(; 

- 7*4: 

- 4-5 

+ 0*8 

-h 5-0 

4- 7-G 

4-11-4 

-fl4-f) 

+ 15-4 

-hl3-2 

-hlS-G 

30-0 

9-45 

-21 -8 

-19-1 

-16-G 

-10-8 

- 4*1 

4-1-6 

4- G-7 

1-11 -2 

4-16-0 

-[-17-2 

+ 19-7 

-1-19 -0 

41-5 

12-00 

- 36-4 

-3,5-7 

-29 -G 

-20-9 

-JO-9 

1 

- 4-1 

-t- 2-9 

-h 9-0 

-fl7-3 

+23-0 

1+28-1 

4-29-4 

G7-3 

19-02 


12 Months, 3 Seasons and the Year from 10 Quieter Days a Month. 


i:j h. 

14 h. 

15 h. 

16 h. 

17 h. 

18 h. 

11) h. 

20 h. 

21 h. 

22 lu 

23 h. 

U h. 

Range. 

A.D. 

y 

y 

y 

y 

7 

y 

y 

7 

7 

7 

7 

7 

7 

7 

-31 1 

-28 -J 

-29-0 

-17-2 

-10-0 

- 4-7 

+ 0-9 

+ 8-6 

+ 8-7 

+12-7 

+17-1 

+22-8 

66-3 

15-21 

-32-5 

-30*4 

-27*4 

-19-5 

-10-3 

- 2-7 

4- 4-3 

+ 6-6 

+16-3 

+22-8 

4-24-1 

+25-7 

68-2 

17-90 

--IG-T) 

-18-6 

-18-3 

-I2-9 

- 5*G 

~ 2-G 

+ 0-8 

H- 5-4 

+ 9-0 

+11 -8 

+ 9-1 

+11 -1 

30-4 

8-13 

-IG-O 

-13*9 

-I()-9 

- 7-G 

- 2-G 

H- 2-6 

+ 4-7 

-I-J2-5 

+17-4 

4-12-6 

+12-2 

4-10-6 

34-8 

8-48 

- 6-6 

- 5*7 

- 4-7 

- 3-2 

- 1-7 

- 0-3 

4- 4-8 

+ 4-7 

+ 4-8 

+ 5-8 

+ 6-5 

+ 6-8 

13-4 

4-23 

--- G*3 

- 4-3 

- - 3-3 

- 1-5 

-1- 0-8 

H- 2-C 

+ G-2 

+ 6-0 

+ 6-7 

4- 7-4 

+ G-9 

4- G-G 

15-G 

4-69 

- 6 -8 

- G*4 

- 2*9 

- 1-5 

H- 0-3 

-1- 3-2 

. 3 

+ 4-8 

+ 5-5 

+ C-2 

4- G-2 

+ 7-1 

14-C 

4-68 

- 6-9 

- G-T) 

- 4-8 

- 2-7 

+ 0-(> 

4- 0-8 

+ 1-9 

+ 3-0 

4- 5-1 

4- 6-5 

+ 7-7 

+ 7-3 

lG-3 

4-83 

-12-8 

-10*4 

- 8*5 

- 4-9 

- 2-1 

+ 2-5 

+ 5-1 

+ 4-8 

+ 6-2 

-[- C-7 

-[- 9-5 

-[-10-5 

26-0 

6-46 

-21-0 

-15-0 

-12*8 

- 8-6 

- 5-4 

+ 0-C 

-f 5*0 

4- 7-4 

+ 9-5 

4-11 -1 

+11-1 

+12-9 

36-9 

9-52 

-24-7 

-29*2 

-22*7 

-15-8 

- 8-2 

- 0-4 

+ 3-3 

;+ 9-4 

+16-1 

4-18-5 

4-19-7 

+24-4 

54-0 

16-02 

-33-1 

-36 0 

-33-3 

-23-5 

-11-4 

- 4-0 

+ 3-3 

+ 4-9 

+13-1 

+18-5 

-1-27-3 

+20-1 

63-3 

18-18 

-17-9 

-17*0 

-14-9 

- 9-9 

- 4-6 

- 0-2 

+ 3-7 

+ 6-6 

+ 9-7 

-hll-G 

4-13-0 

+14-3 

32-2 

9-46 

~ 6-7 

- 5*7 

- 3-9 

~ 2-2 

0-0 

+ 1-G 

+ 4-3 

+ 4-G 

+ 6-3 

■+ G-2 

-(- 6-6 

+ 7-0 

14-3 

4-66 

-16-6 

-14*5 

-12-0 

- 8-5 

- 3-9 

4- 0-8 

+ 3-9 

+ 7-5 

4-10-5 

+10-5 

-[-10-5 

-Ml 3 

27-9 

7-83 

-30-3 

-30-9 

-28-1 

-19-0 

-10-0 

- 2-9 

+ 3-0 

4- 7-3 

+13-3 

+18-1 

+22-1 

-(-24-8 

55-7 

16-41 
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Table XXXIV. — ^Diurnal Inequalities from 



— 

Ih. 

2h. 

3h, 

41i. 

5h. 

6h. 

7h. 

8h. 

9h. 

10 h. 

n h. 

12 h. 


fYear ... 

y 

-11-0 

y 

- 5-4 

y 

+ 3-4 

y 

+12-9 

y 

+16-4 

y 

+22-3 

y 

+ 22-4 

y 

+21-7 

y 

+18-1 

y 

+11-C 

y 

+ 7-1 

y 

+ 4-6 

eJ 

Winter 

— 3-0 

- 0-8 

+ 2-4 

+ 7-5 

+ 9-4 

+13-3 

+ 13-9 

+13-8 

+12-0 

-f 7-7 

+ 4-3 

+ 1-7 

Equinox 

-11-2 

- 1-8 

+ 4-2 

+13-0 

+17-9 

+22-0 

+22 1 

+21-7 

+18-4 

+12-7 

+ 9-5 

+ 5-4 


^Summer 

-18-8 

—13-6 

-t- 3-5 

+18-3 

+21-9 

+ 31-7 

+31-2 

+29-7 

+24-0 

+14-5 

+ 7-5 

+ G-7 


^Year ... 

+17-8 

+21-2 

+23-5 

+ 24-4 

+20-6 

+15-5 

+ 7-0 

+ 0-1 

- 7-2 

-11-4 

-11-8 

-13-1 

“i 

1 Winter 

+ 8-8 

+11-9 

+12-2 

+ 13-7 

+11-3 

+ 6-4 

+ 2-1 

- 3-0 

- 7-4 

- 8-1 

- 8-5 

- 9-1 

Equinox 

+18-5 

+19-4 

+ 22-4 

+22-2 

+16-3 

+11-3 

+ 3-7 

- 0-6 

- 9-0 

-14-3 

- 15-4 

-14-2 

1 

^Summer 

+26-1 

+32-4 

+36-9 

+ 37-3 

+34-3 

+28-7 

+15-3 

+ 3-9 

- 5-2 

-11 -7 

-11-G 

-16-0 


fYear ... 

-18-2 

- 18-7 

-16-2 

-11-6 

- 5-8 

+ 0-3 

+ 4-7 

+ 7-2 

+10-2 

+11-G 

+13-1 

+12-9 


1 Winter 

- 6-7 

- G-3 

— 3-9 

- 1-7 

+ 0-3 

4- 2-7 

+ 4-9 

+ 5-2 

+ 6-2 

+ G-7 

+ 6-8 

+ 5-4 


1 Equinox 

— 16-8 

-14-5 

-13-2 

-10-1 

- 6-2 

- 0-7 

+ 3-0 

+ 6-2 

+ 8-8 

+ 9-5 

+10 0 

+ 9-6 


L Summer 

-31 -2 

- 35-3 

-31-4 

-22-9 

-11-5 

— 1-1 

+ 6-2 

+10-2 

+15-6 

+18-6 

+22 -C 

+23-7 


Table XXXV. — Diurnal Inequalities from Days of largest 


— 

1 h. 

2 h. 

3h. 

4h. 

6h. 

Qh. 

7 h. 

8h. 

9 h. 

10 h. 

11 h. 

I2h. 


'"Year ... 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 


—34-7 

—17 -5 

- 0-2 

+23-3 

+43-9 

+55-6 

+ 72-3 

+67-3 

+64*0 

+55-6 

+39-7 

+28-4 

E < 

Winter 

-31-2 

-14-3 

— 1-4 

+24-1 

+34-8 

+45-8 

+ 54-0 

+53-2 

+50-5 

+39-3 

+29-3 

+ 18‘0 

1 

Equinox 

-32-7 

-14-4 

+13-6 

+32-6 

+55-7 

+66-5 

+ 83-0 

+80-4 

+71-9 

4-G6-6 

+40-3 

+24-8 

1 

^Summer 

-40-1 

—23-8 

-12 'D 

+13-4 

+41-1 

+54 -6 

+ 80-0 

+68-2 

+69-7 

+61-1 

+49-5 

+42-3 


^Year ... 

+44-6 

+61-1 

+ 73-6 

+69-9 

+58-4 

+48-0 

+26-6 

+ 9-4 

-10-3 

-30-6 

-37-7 

-45-6 

s =< 

Winter 

+38-0 

+51-5 

+ 54-2 

+46-6 

+44-5 

+35-5 

+13-7 

- 1-6 

-14-4 

-26-7 

-36-4 

- 43-0 

Equinox 
1^ Summer 

+47-6 

+69-1 

+ 76-6 

+ 76-6 

+60-6 

+60-3 

+23-3 

+ 3-7 

-18-8 

-44-2 

-47-0 

-49-1 


+48-3 

+62-7 

+ 90-0 

+86-6 

+70-2 

+68-1 

+42-9 

+26-1 

+ 2-2 

-21-0 

— 29-G 

-44-8 


I^Year ... 

- 34-0 

-32-8 

—26-1 

-20-4 

-11-4 

- 2-8 

+ 6-8 

+16-1 

+25-3 

+32*5 

+37-4 

+ 38-4 

v=< 

1 Winter 

-25-8 

-24-5 

—16-2 

-13-6 

- 1-7 

+ 8-5 

+ 9-2 

+15-8 

+24-8 

+33-1 

+28-6 

+ 33-3 

1 Equinox 
[^Summer 

- 31-1 

- 45-0 

—30-3 

-43-6 

—28-9 

—34-1 

-19-1 

-28-4 

-12-6 

-20-0 

- 4-3 
-12-6 

+ 7-6 
+ 0-7 

+20-9 
+ 8-5 

+30-2 

+21-0 

+33-0 

+31*5 

+ 43-5 

+40-0 

+36-8 

+ 45-2 
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liiteiiiatiouiil Q\iiet Days, 5 a Month (using G.M.T.). 


i:< h. 


-I- <h:( 
1 -f) 
!■ !-7 
-t- ()•<> 

- l.-i-.j 
■■ 7-7 
Il-'l 
- IK -3 

I 13-9 

-I 

I K-i) 
128 1 


I t li. 


)' 

I -I 
-- ()•7 
- ()•! 
~ :i-;s 

- 14 -5 

7.() 

-32-2 

hl.‘M 
I- ;j-« 
f K -9 
I- 2(1 -7 


ir. h. 


r 

- 4-0 

- 2-1 

■ 2-7 

...... (i-B 

-M-{; 
-- (i -7 
- 14-8 
- 22-4 

4 11 •'.» 
f 3 -C 
4 - 8-8 
4 - 23-2 


1(> h. 

17 h. 

1 « h. 

1!) h. 

20 h. 

21 h. 

22 h. 

23 h. 

24 h. 

Range. 

A.D. 

V 

_ 4-0 

y 

- (M 

y 

- 7-1 

y 

- 10-5 

y 

- 14-0 

y 

- 17-7 

y 

-23-1 

y 

- 22*4 

y 

- 14*3 

y 

45*5 

y 

11*74 

1 ’ i 

- 5*7 

- 7*5 

- 8*7 

- 10*7 

- 10*1 

- 10*9 

-11-5 

- 8-4 

26-4 

7-17 

— 4*5 

- 5-8 

- 10 -7 

- 12-5 

- 16-0 

- 21-3 

-241 

- 22-8 

- 15-1 

46*2 

12-38 

— ;i *3 

- 0 *^) 

- 3*0 

- 10-2 

- 15-3 

- 21-6 

-34-4 

- 33-0 

- 19*5 

66-1 

15-80 

-15-1 

- 14-7 

- 13-2 

- 9 -G 

- 7-6 

- 2-8 

4 - 0-6 

4 - 7-4 

+ 10-9 

39-6 

12*42 

— 7-2 

- ( 5-9 

- 7-3 

- 3-8 

- 2-0 

4 - 2-6 

4 - 3-1 

4 - 6-0 

+ 6*6 

22-8 

7*06 

— 13-8 

- 13-5 

- 10-2 

- ( 1*5 

- 2-2 

4 - 2-0 

4 - 5-6 

4 - 9-8 

+ 12-2 

37-8 

11*94 

-24-3 

- 23-7 

- 22-1 

- 18*4 

- 18-6 

- 13-1 

- 6-7 

4 - 6-4 

+ 13-9 

61-6 

19*52 

- 1 - 9-9 

4 - 7-4 

4- 3-4 

+ 0*9 

- 1-1 

- 4-1 

- 10-9 

- 15-5 

- 18*3 

32-6 

10*04 

-f- 1.-7 

4 - 0-4 

- 1-5 

- 3-1 

- 3-9 

- 4-9 

- 5-6 

- 7-6 

- 7*3 

14-4 

4*38 

4 - 7-8 

4 - 5-0 

4- 3 - 4 - 

H- 1-2 

- 0-5 

- 2-2 

- 5-0 

- 7-8 

- 14*1 

26-8 

7*59 

4 - 20-1 

4 - 16-9 

4 - 8-2 

-j- 4: • 5 

4 - 1-1 

- 5-3 

- 22-2 

- 31-2 

- 33*6 

63-4 

18*81 


international “ Character ” Figure, 5 a Month (using G.M.T.). 


13 h. 

14 lu 

15 h. 

It) h. 

17 L 

18 h. 

19 h. 

20 li. 

21 h. 

22 h. 

23 h. 

24 h. 

Range. 

A.D. 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

1 i (;*3 

1 - (i -7 

()*3 

- 19-2 

- 32-6 

- 44-8 

- 42-1 

- 47*5 

- 60*1 

- 59-2 

-61-3 

- 47*7 

133*6 

39*43 

M 3 *r) 

1 2*0 

- ()•() 

- 10-6 

- 17*9 

- 28-0 

- 34-2 

- 38-2 

- 40*7 

- 46*9 

-51-0 

- 43*5 

105*0 

30*38 

1 9-1 

- 1 - 2*0 

13*8 

-- 23 *8 

^- 41*7 

- 58-0 

- 53-2 

- 60-4 

-74*9 

- 62-1 

- 65-0 

- 46*6 

157*9 

45-55 

4 26-0 

1 16-1 

1 - 1-5 

-* 23*1 

- 38*1 

- 48*5 

- 38-9 

- 44-0 

- 64-6 

-68-6 

- 67*9 

- 53-0 

148-6 

43-63 

- 52-5 

- 53-2 

54-7 

- 51-5 

- 43*9 

- 36*1 

- 25-3 

- 15-3 

- 4-8 

+ 6*7 

4 - 25-0 

4 - 38-2 

128*3 

38-46 

- 36-4 

- 39-9 

- 42 -9 

- 39-6 

- 32*2 

- 25*4 

-- 16-2 

- 6-9 

+ 3-1 

+ 11*2 

4 - 23-6 

4 - 39-6 

97*2 

30-12 

-56-5 

-51 -7 

- 52-8 

- 53-0 


- 33*3 

- 24-6 

- 13-0 

4 “ 2 - 4 

+ 12*6 

4 - 32-3 

4 - 34-9 

133*1 

40-83 

— 64-5 

- 68-1 

-68-3 

- 61-9 

-~ 53 *() 

-- 49*5 

- 35-0 

- 26-0 

-20-0 

- 3*7 

4 - 19-2 

-F 40-0 

158*3 

45-51 

- 1 - 32-0 

4 - 30-9 

1 - 22-3 

4 - 14-0 

+ 5*3 

^ 0*4 

- 8-4 

- 16-7 

- 21-3 

- 22*4 

- 28-7 

- 33-7 

72*4 

21-59 

-f 21 -9 

-4-21 -1 

4 - 16-0 

4-10-0 

-- 0*2 

- 7*2 

- 14-0 

- 19-3 

- 22-5 

- 24*7 

- 26-6 

-27-0 

60*3 

18-52 

4 - 32 -i 

4 - 26-5 

4 - 14-7 

+ 8-9 

+ 1*0 

- 3*6 

- 6-3 

— 15-9 

-20-8 

- 23*6 

- 28-1 

- 30-6 

74*6 

21-27 

- 1 - 12-1 

4-45-2 

4 - 36-1 

4 - 23-1 

4 - 15-0 

+ 9 -S 

— 5-0 

- 14-9 

- 20-5 

- 18*9 

- 31-3 

- 43-6 

90*2 

26-49 
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Table XXXVI. — Ratio of distixrbed day R or A.D. to quiet day R or A.D. 


Element. 

Year. 

Winter. 

Equinox. 

Summer. 



R. 

A.r>. 

R. 

A.D. 

R. 

A.D. 

R. 

A.D. 

B 

2-9 

3-4 

4-1 

4-2 

3*4 

3-7 

2-2 

2-8 

S 

3-2 

3-1 

4-3 

4-3 

3-5 

3-4 

2-6 

2-3 

V 

2-2 

2-2 

4-2 

4-2 

2-8 

2-8 

1-4 

1-4 


Table XXXVII. — Diurnal Inequality Ranges, 1902-03 and 1911-12. 



Year. 

Winter. 

Equinox. 

Summer. 


1902^)3. 

1911-12. 

1902-03. 

1911-12. 

1902-03. 

1011-12 

1902-03. 

1911-12. 

D All 

/ 

46-5 

/ 

59*2 

/ 

26-8 

/ 

42*3 

f 

44-6 

64-2 

/ 

64-1 

t 

72-4 

,, Quieter 

34-0 

37-6 

14-0 

19-8 

30-0 

37-0 

62-2 

57-4 

I All 

— 

3-84 

— 

2-46 

— 

3-89 

. — 

5-22 

,, Quieter 

1-74 

2-54 

1*23 

1-31 

1-50 

2-30 

2*87 

4-04 

H All 

y 

r 

75-1 

y 

y 

48-9 

y 

y 

76-2 

y 

y 

101-4 

„ Quieter 

34-5 

49-3 

25*2 

25*8 

28*6 

45-2 

57'3 

78-1 

V All 

33'0 

46-9 

18*0 

30-8 

36-0 

43-8 

58-0 

71-2 

„ Quieter 

— 

33-8 

— 

15-0 

— 

29-6 

— 

58-4 

E AU 

83-9 

75-8 

49*4 

53-2 

79-6 

79-8 

120-0 

98-1 

Quieter 

— 

48-6 

— 

24-4 

— 

46-5 

— 

77-7 

S All 

— 

71-9 

— 

47-0 

— 

74-1 

— 

96-6 

„ Quieter 

38-6 

45-8 

30*3 

23*9 

41-8 

44*7 

43-5 

72-8 
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CHAPTER V. 

DIURNAL INEQUAIJTIES. FOURIER COEFFICIENTS* 

Section 26. — Calculalions were made of the Fouiicr coefllcieivts answering to the 
24, 12, 8 and 6-hour terms. The analysis of the diurnal inequality may be presented 
in either of the equivalent series : — 

cos t sin t -\- (ti cos 2 1 + h sin 2 i - | -1 (15). 

Cl sin {t -f uj) -| • 02 sin (2 1 a») -i- • 1 

Here t represents tlie angular equivalent of the time elapsed since midnight, 15° 
being the equivalent of 1 hour. The constants with the suffixes 1, 2, 3, 4 refer respec- 
tively to the 24, 12, 8 and 6- hour terms. The a and h constants were calculated directly 
from the data in the inequality tables aird so refer to the time of 180° hi. The c and a 
(amplitude and phase angle) constants were in the first instance calculated from the 
corresponding a and b constants, through the formuhe 

a = tan {(i/b), 0 -- a/sin a = &/cos a ■ (16). 

The a constants thus deduced, if left uncorrcc-tcd, would refer to the same time as 
the a and b constants. The c constants do not involve time. As it appeared desirable 
to give values of the phase angles relating to the true local time, the necessary corrections 
were applied, vix., + 13° 36' to aj, | - 27° 12' to j- 40“ 48' to «j, and 54° 24' to a,. 

The a and b tionstants for a season or tlie year may be derived either by taking the 
arithmetic mean of the corrosponding constants for the included months, or by direct 
calculation from the seasonal or yearly inequality. 'I'hey wei’o in reality cahmlated in 
both these ways as a check on the calculations. The a and « constiantis for a particular 
season or the year are not arithmetic means of the cori'esponding constants for the 
included months, but have to be derived from the a and h constiants. 

Tables XXXVTll to XLHI, pp. 102 to 104, give the a and /Mioeflicients for the 
E, S and V inequalities derived from all complete days and from 10 (piieter days. 

Tables XLIV to XLlX,p]). 105 to 107, give the c and a coefficients calculated from 
Tables XXXVIII to XIjIH, the corrections s]>ccified above having been applied to 
reduce the a constants to local time. The airgles were all calculated to the nearest 
minute, but n., and «, are given only to the nearest degree, and only to the nearest 
0°*1. The minutes are retained in Uj, that being the usual practice, though they 
suggest a higher order of accuracy than is really reached. 

* The oLclinnry formuhe for caleulution of Fourier (toeHi<hentH, which were emjiloyed for all the 
results given liere, assume the hourly values to be derived from single ordinates answering exactly to the 
liour. When, as in the present case, the value ascribed to an hour ro])resents the mean of 3 ordinates 
answering respectively to the exact hour and to 20 minutes before and after, the values of th.e a, b, c coeflfici- 
ents derived from the ordinary formuhe require small correction factors as follows : 24“l)our wave, 1*002 ; 
12-hour wave, 1*010 ; 8-h.our wave, 1*023 ; 6-bour wave, 1*042. The a coetheientfl, or phase angles, are 
unaffected. The necessity for these <*.orrections was not realised until all the rabies had been prixited. As 
the corrections are trifling, the expense of reprinting tlie tables did not seem justified. The same corrections 
are necessary to the a, b, c coefficients given in Chapter IV of the National Antarctic Expedition, 1901 — 1904, 
Magnetic Observations.” 
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The arithmetic means of the 12 monthly values of the c constants are included in 
the tables, because they are from some points of view a better measure than the corre- 
sponding values from the mean diurnal inequality for the year of the average amplitude 
of the forces to which the respective terms are due. The arithmetic mean necessarily 
exceeds the value from the cortespondiug mean diurnal inequality, unless the phase 
angle is invariable throughout the year, and the excess increases with the variability 
of the phase angle. 

Tables LII and LIII, p. 109, refer to the inequalities found for the international 
quiet days and the five days a month of largest character figure. They are confined to the 
mean diurnal inequality for the year. The letters q and d attached to the force 
components indicate quiet and disturbed days respectively. 

Table LIV, p. 110, compares the c and a constants obtained from the mean diurnal 
inequality for the year from all the different types of days. 

Tables LV, LVI and LVII, pp. 110 and 111, give Fourier coefficients for the D and 
H diurnal inequalities. They are limited to the seasons and the year. These were not 
really calculated direct from the D and H inequalities but from the a and b Fourier 
coefficients already calculated for E and S. 

The a and b coefficients are the fundamental ones from a computational point of 
view. Thus it appeared desirable to put them on record. But the physical aspects 
are most easily recognised through a study of the amplitude and phase angle. 

Section 27. — Before proceeding to this study it is well to consider the degree of 
accuracy with which the diurnal inequalities are represented by the Fourier series, 
Unless the insertion of the calculated values of the constants in the series gives a close 
approach to the observed inequalities, the value of our analysis and of any conclusion 
based thereon is doubtful. By taking a very large number of Fourier terms we can in 
almost any case secure practical identity between observed and calculated inequalities, 
but if a very large number of terms are required to give a close approach to an observed 
inequality, it is at least open to doubt whether the proceeding is not rather a 
mathematical exercise than a step towards results of real physical significance. The 
comparison was confined to the mean all day inequality for the year in E and S. 
The algebraical excesses of the observed (0) over the calculated (C) values were as 
follows, the unit being ly : — 


Hour. 

i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

E 0-C 

-l-o-l 

0-0 

0-0 

-fO-6 

-0-6 

-0-5 

+0-3 

+0-9 

-0*2 

-0-8 

-0*4 

+1-5 

S „ 

+0-1 

~-0-7 

-tO-3 

+0-2 

0-0 

-0*4 

+0-2 

4-0-3 

0-0 

-0-9 

■~0-2 

4-0-3 

Hour, 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

E 0-C 

-0-2 

-0-8 

-0-3 

4-0-6 

00 

o 

4- 

-1-2 

-I-0-6 

— 0-2 

-0-2 

00 

o 

4- 

-0-6 

0-0 

s „ 

-0-6 

(M 

6 

-b 

-0-2 

o 

4- 

0-0 

-{-O’l 

-0-8 

+0-6 

4-0-6 

-1-1 

4-0-2 

4-0-3 

1 
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The standard deviations arc 0 • 46}' for E and 0 • QZy for S, representing respectively 
0-6 and O-S per cent, of the range of the inequality. The natural inference is that the 
first four Fourier waves suffice to account pretty satisfactorily for the diurnal inequality. 
There are, as the graphical representation of the inequalities readily discloses to the 
eye, minor irregularities, and these we cannot expect to reproduce exactly with a Fourier 
series limited to the 24, 12, 8 and 6-hour waves. 

While a small number of Fourier waves cannot be expected to reproduce accidental 
irregularities exactly, these accidental deviations inevitably influence the values calcu- 
lated for the coefficients. This influence is especially likely to prejudice the higher 
terms, on account of the smallness of Cs and Ci as compared with Ci and c^. The phase 
angle not infrequently shows a large annual variation, even in cases where so many 
years’ data have been combined that accidental features must be almost entirely absent, 
but in all such cases with which I am familiar the variation shows a regular progression. 
When we have only one or two years’ data, and the variations in the phase angle from 
month to month are irregular, there is a strong presumption that accident is playing 
a considerable part, especially when the amplitude is small. Again, while there is no 
reason to expect identically the same form of annual variation in the coefficients derived 
from all and from quieter days, a conspicuous difference between the annual variation 
in all day and quieter day amplitudes or phase angles is a legitimate ground for 
suspicion. 

Section 28. — The 24-hour term coefficients in Tables XLIV to XLIX, show less trace 
of accidental features than the others. In all cases the amplitude is largest in summer 
and least in winter, and the values obtained for the equinoctial season do not differ much 
from those for the year. The largest value of Ci is found in December for V, but in 
February for E and S, the latter phenomenon arising probably from the specially 
disturbed condition of February, 1911. The smallest value of Ci appears more often 
in June than in any other month. Speaking roughly, the winter, equinoctial, and 
summer values of c, in E and S stand to one another in the ratio 2 ; 3 : 4 on all days, 
but in the ratio 1:2:3 on quieter days. Thus, relatively considered, the difference 
between winter and summer values of Ci is greater for the quieter days than for all days. 
The relation between the winter and equinoctial values of Ci is much the same for V 
as for E and S, but the excess of the summer value is especially prominent in V. 

The variation shown by the 12 monthly values of the phase angle is somewhat 
irregular, even in the case of C]., We should infer that in the case of E and S the true 
annual variation of ai must be small. In the case of E, Tables XLIV and XLV agree 
in making the winter angle larger than the summer, and the equinoctial angle larger 
than the winter angle. The latter phenomenon is largely due to the October inequality, 
and may be accidental. 

In the case of S the equinoctial* value slightly exceeds the winter value, and both 
decidedly exceed the summer value. 

The annual variation of oi is more decided in V than in the other two elements, 
there being a pretty regular fall in the monthly values as we pass from midwinter to 
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midsummer. The difierence between winter and summer represents some two hours 
of time. 

When the annual variation in a phase angle is large, the contributions from different 
months tend considerably to neutralise one another, the natural consequence being that 
the value found for the amplitude from the mean diurnal inequality for the year is 
markedly less than the arithmetic mean of the amplitudes for the 12 months. It is 
seldom that the excess of the arithmetic mean value is as small as it is in the case of Ci 
in Tables XLIV to XLVII. 

The amplitude of the 12-hour term has an annual variation similar to that of Ci, 
but less regular and so presumably more affected by acdidents. The largest value occurs 
in November, December, or January, except in Table XLIX, where it occurs in March. 

The smallness of the winter value of in Tables XLV, XLVII, XLVIII and XLIX 
is remarkable. As each of the four winter months gives a very low value, the 
phenomenon can hardly be accidental. 

In studying the variations of oj it should be remembered that angles differing by 
360° are really the same angle. For instance, the change in Table XL VI from 21° -3 
to 369° -2 really represents not a rise of 337°- 9, but a faU of 22° *1 from 381° *3 to 
359° *2 (or from -f- 21° *3 to — 0°*8). The irregularities, though considerable, are not 
so large as might be thought at first sight. 

Tables XLIV and XLV agree in making oj decidedly less in winter than in the 
other seasons, but they difier rather conspicuously as between equinox and summer. 
Tables XLVI and XLVII agree in making Oj least in equinox and greatest in summer. 
In their case the winter value comes nearest to that for the year. Tables XLVIII 
and XLIX agree in making oj least in equinox and greatest in winter, but the amplitude 
Cj in winter is so small that no great accuracy can be expected in the phase angle. 

In the case of the 8-hour wave the phenomena suggest that accident played a 
considerable part, especially in E. The great variability in phase in that element is 
responsible for the small size of the amplitude for the year as compared with the arith- 
metic mean of the monthly amplitudes, is largest in one or other of the summer months, 
but the phase angle varies so much in these months that the winter season shows the 
largest amplitude. The equinoctial value of suffers even more than the summer one 
through variability in the phase angle, and is in consequence exceedingly small. The 
phase angles in equinox and summer are almost opposite in phase in Tables XLIV 
and XLV and there is little if any parallelism between the values of C3 in corresponding 
months. 

More regularity is apparent in the data for the 8-hour wave in S. Tables XLVI 
and XLVII agree in maldng the amplitude largest in summer. The variations in the 
phase angles are much less than in the case of E, and the excess of the arithmetic mean 
value of Cs over that for the year is much less strilang. 

V shows a still greater regularity of variation in the 8-hour term. Tables 
XLVIII and XLIX agree in making the amplitude greatest in summer and least in 
winter, as was the case with the 24 and 12-hour terms. They also show the same seasonal 


98 



variation in the phase angle, the equinoctial value resembling that for the year and 
being intermediate between the winter and summer angles, the latter of which is the 
largest. July in Table XLVIII and June in Table XLIX are the only months in which 
the phase angles appear notably abnormal. The excess of the arithmetic mean value 
of Ca over the value for the year is comparatively small. 

The data for the 6-hour wave present considerable irregularities in all the elements. 
The amplitudes are so small that it would naturally require the combination of a large 
number of years to eliminate accidental features. The excess of the arithmetic mean 
value of Ci over the value for the year is considerable in all cases, especially in Table XLVI. 
The all day and quiet day results do not in general point the same way. Table XLVI, 
for instance, makes greatest in winter and least in equinox, while Table XLVII makes 
it greatest in summer and least in winter. 

Section 29. — The relative importance of the different Fourier waves is illustrated in 
Table L, p. 108, giving the ratios which the amplitudes of the 12, 8 and 6-hour waves bear 
to the amplitude of the 24-hour wave. The data are confined to the year and the three 
seasons. The mean of the E, S and V ratios is added and for comparison the corre- 
sponding means from the all ordinary day inequalities at Kew Observatory, as derived 
from the 11 years 1890 to 1900. This last line is intended to emphasise what is perhaps 
the most remarkable feature of the Antarctic diurnal variation, vi/., the overwhelming 
importance of the 24-hour term. At Kew the relative importance of the 24-hour term 
rises markedly with increasing disturbance. The figures in Table L show no clear 
evidence of this phenomenon in the Antarctic. Again there is no very decided seasonal 
variation in the relative importance of the several terms in the Antarctic, while at Kew 
the 8 and 6-hour terms diminish markedly in relative iniportance in summer. 

As between the different elements in the Antarctic, the relative importance of the 
12-hour term seems greatest in E and least in V ; but the 8 and 6-hour terms seem 
relatively more important in V than in either horizontal component. 

The phase angle difference between the all and quieter day inequalities can be studied 
in Table LI, p. 108, which gives the excess of the quieter day angle for the year and 
three seasons. Data for individual months are too erratic to merit close examination. 
The angle equivalent to one hour it should be remembered is 16° for uj, 30° for ag, 46° 
for as and 60° for a^. In the case of ai the differences are aU small, especially for S, where 
they practically vanish except at the equinoctial season. The differences for B, though 
small, indicate with considerable probability an increase of phase angle in the quieter 
days, i.e., an acceleration of the hours of maximum and minimum. The reverse is 
true of V. In both these elements the difference of angle is distinctly less in summer 
than in the other seasons. This seems reasonable, because summer was the season 
when it was least possible to obtain days free from large disriirbances. 

In the case of Og the differences shown by Table LI vary somewhat erratically 
with the season ; but as the signs are all plus we may infer with considerable assurance 
an increase of phase angle in all the elements as disturbance diminishes. The differences 
for ctj and a* vary so much from season to season that little confidence can be felt in them. 
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In tlie case of the earlier Scott Expedition of 1902-03 the only element for which 
all and quieter day Fourier coefficients were calculated was D. The phenomena were 
similar to those now described in the case of E ; the quieter day values of oi and still 
more those of exceeded the all day values, while the results for 03 and were 
contradictory. 

Section 30. — The inequalities for the five international quiet days and the five 
days of largest “ character ” figure were referred to G.M.T., so the corresponding Fourier 
coefficients are also referred to G.M.T. in Tables LII and LIII. These contain results 
only for the mean diurnal inequality of the year. The c and a constants are also given 
in L.M.T. in Table LIV, with, for comparison, the corresponding results from the 10 
quieter days and all days. In the case of the 24-hour term. Table LIV shows in each case 
a rise in amplitude as we pass from the five quiet to the 10 quiet days, from the 10 quiet 
to the all days, and from the all days to the five disturbed days. The difference in this 
respect between the five quiet and 10 quiet days is small, but the difference between all 
days and five disturbed days is very large. The influence of disturbance is almost identical 
in the case of E and S, being decidedly less in the case of V. As regards the phase 
angle oi we have in the case of E a regular fall as disturbance increases. In S the apparent 
differences are very small, and the five quiet and five disturbed days differ in the same 
direction from the aU days, which hardly seems a natural phenomenon. In V there 
seems little doubt that disturbance increases a^. The five quiet day angle seems an 
exception to this rule, but its difference from the 10 quiet day angle is not large. 

In the case of the 12-hour term the amplitude in Table LIV rises in all cases as we 
pass from the 10 quiet days to all days, and from aU days to the five disturbed days. 
The rise is so considerable as to suggest a marked influence of disturbance in raising 
the amplitude. But curiously enough the amplitude from the five quiet days is in 
all cases decidedly larger than that from the 10 quiet days. 

The 12-hour phase angle in Table LIV shows a distinct fall — ^most decided in the 
case of V — as we pass from the 10 quiet days to all days, and from all days to the five 
disturbed days. The five quiet days support this. law in the case of V, but not in the 
case of E or S. 

The results in Table LIV for the 8 and 6-hour terms are irregular. In the case of 
E and S the five disturbed day value of C3 is decidedly the largest, and the five quiet 
day value is the least ; but in the case of V the value from the five disturbed days is 
the least of all. The same phenomenon is exhibited in the case of C4 in S, the value 
from the five disturbed days nearly vanishing. Indeed beyond the fact that C3 and C4 
are very small in aU cases, whether the day is quiet or disturbed, there seems nothing 
altogether certain. 

D and H are the elements in the horizontal plane usually recorded, and harmonic 
data for them are much the most numerous. Thus D and H Fourier coefficients were 
calculated for the seasonal Antarctic inequalities. Tables LV and LVI gives the results 
obtained from aU days and 10 quieter days for the year and the three seasons. In the 
case of Cl and the annual variation is as. clearly exhibited in Table LVI as it was in 
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E and S in Tables XLIV to XLVII, the summer value being always the greatest and 
the winter value the least. The all day value is also invariably in excess of the 10 quieter 
day value. In the case of and C4 the phenomena, as with E and S, axe somewhat 
irregular. 

As regards the phase angles in Table LYI the summer value of is decidedly the 
smallest in the case of both D and H ; but the seasonal variation is not large. As with 
E, the winter value of in D is decidedly the smallest. 

Section 31. — For comparison ^vith the harmonic coefficients calculated from the 
1902-03 data, it will suffice to consider the results for the year. These are given in Table 
LYII, results derived from all complete days and the 10 quieter days from 1911-12 
being contrasted with the results from 1902-03. The quieter days, however, it should 
be remembered, in 1902-03 were more numerous in winter than the quieter days of 
1911-12, while D trace was lost in an appreciable number of days in 1902-03 through 
the limits of registratioir being exceeded. Thus the 1902-03 all day results answer to 
conditions somewhat less disturbed than the 1911-12 all day results, while the 1902 -03 
quieter day results would naturally represent somewhat more of disturbance than the 
1911-12 quieter day results. The H results for 1902-03 answered much more nearly 
to the quieter day than the all day results for 1911-12. 

The uncertainties affecting the 8 and 6-hour terms render it difficult to say 
what weight attaches to apparent agreements or differences between tlie two epochs. 
The resemblance is on the whole closer than might have been anticipated. 

In the case of the 24-hour term the excess in amplitude in 1911-12 shown in Table 
LYII is considerable. It is, however, no greater, rather less in fact, in ]> than it is 
in H and Y, a phenomenon difficult to explain if we suppose tlie amplitude in 1902 03 
to have been reduced by local disturbance. 

The 12-hour term in Table LYII has also on the whole a larger amplitude in 1911-12 
than in 1902-03, hut the quieter day values for D from the two epochs are practically 
equal, while the 1902-03 value is the larger for V. 

In the case of D and H, especially D, the values of and oj for the two epochs 
differ rather markedly, the values for the earlier epoch being the larger. In the case 
of E the difference in repre.sents about two hoars of time and is mainly responsible 
for the difference between the diurnal inequalities for the two epochs which has been 
already commented on. 
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Table XXXVIII. — E. Fourier Coefficients, all Complete Days (Time of 180° B. Long.) 


— 


h 

«2 

h 

«3 

h 
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V 

y 

y 

y 

y 

y 

y 

y 

Januarv 

+27-33 

-27-00 

-13-82 

-0-68 

+8-16 

-0*14 

+0-90 

+3-03 

February 

+34-94 

-41 -84: 

- 8*17 

-0-52 

-0-38 

-0-66 

-1-48 

-1-13 

Marcli 

+27-30 

-34-06 

- 8-71 

-0-82 

+0-97 

-0-14 

-0-79 

+0-66 

April 

+22-67 

-29-66 

- 7-61 

-0-63 

-0-46 

+0-11 

-0-64 

-0-10 

May 

+16-53 

-19-86 

- 6-67 

-1-26 

-0-31 

+1-68 

-0-03 

+0-57 

June 

+12-37 

-16-46 

- 5-60 

-1-87 

-1-49 

+1-00 

-0-11 

+0-42 

July 

+14-63 

-16-79 

- 4-72 

-2-69 

-0-95 

+1-13 

-1-69 

+0-28 

August 

+16-43 

' -21-05 

1 - 6-52 

1 -1-04 

+0-47 

+1-02 

-1-38 

+0-35 

September 

1 +17-41 ! 

-25-84 

- 7-33 ' 

+0-47 

-0-39 

+0-35 

-0-77 

-0-97 

October 

+19-80 

-32-74 

- 8-80 

+1-23 

+0-55 

+1-03 

-0-53 

+0-26 

November 

+27-20 

-35-72 

-11-01 

+1 - 22 

-2-49 

+0-03 

+1-33 

-3-00 

December 

+29-98 

-29-42 

- 7-20 

-4-41 

-2-54 

+3-34 

-1-71 

-2-21 

Year 

+22-03 

-27-63 

- 7-92 

-0-91 

+0*10 


-0-67 

-0-15 

Winter 

+14-46 

-18-54 

- 6-68 

-1-71 

-0*67 

+1-21 

-0-78 

+0-41 

Equinox 

+21-77 

-30-56 

— 8-11 


+0-17 

+0-34 

-0-68 

-0-04 

Summer 

+29-86 

-33-60 

-10-06 


+0-69 

+0-64 

-0-24 

-0-83 


Table XXXIX. — ^E. Fourier Coefficients, 10 Quieter Days (Time of 180° E. Long.). 


— 

cq 

61 

ajj 


«3 

*5 

O4 

64 

January 

y 

y 

y 

y 

y 

y 

y 

y 

+24-42 

-21-97 

- 7-29 

+3-99 

+2-17 

+0-68 

+0-18 

+0-22 

February 

+27-63 

-31-80 

- 5-00 

-1-32 

-1-23 

-1-82 

-1-74 

+0-87 

March 

+17-77 

-17-33 

- 4-70 

-0-67 

-0-36 

-0-79 

-0-73 

+2-05 

April 

+10-91 

-17-14 

- 2-91 

-1-50 

-2-52 

+0-06 

-0-02 

+0-35 

May 

+ 7-05 

- 8-19 

- 2-09 


-0-65 

+0-73 

-0-19 

-0-14 

June 

+ 6*22 

- 8-98 

- 1-43 


-1-29 

+0-15 

+0-04 

-0-16 

July 

+ 5-67 

- 8-15 

- 1-19 


-1-74 

+0-97 

-0-55 

-0-21 

August 

+ 6-38 1 

-10-08 1 

- 2-20 

+0-12 

-0-29 

+0-41 1 

-0-20 

+0-11 

September 

+ 7-23 

-14-49 

- 5-75 

+1-46 

+0-57 

+0-55 

+0-06 

-0-04 

October 

+ 7-26 

—20-56 

- 5-99 

+3-92 

+1-87 

-0-72 

+0-05 

+0-58 


+16-73 

-27-83 

- 8-75 

+5-92 

-3-60 

-0-50 

+1-24 


December 

+20-94 

-20-26 

-10-36 

+2-85 

+0-74 

-1-70 

-1-42 

+2-01 

Year 

+13-18 

-17-23 

- 4-80 

+1-08 

-0-52 

-0-16 

-0-27 

+0-40 

Winter 

+ 6-33 

- 8-85 

- 1-73 

-0-44 

-0-99 

+0-57 

-0-22 

-0-10 

Equinox 

+10-79 

-17-38 

- 4-84 

+0-80 

-0-11 

-0-23 

-0-16 

+0-74 

Summer 

+22-43 

-26-47 

- 7-85 

+2-86 

-0-46 

-0-83 

-0-43 

1 

+0-66 


102 





Table XL. — S. Fourier Coefficients, all Complete Days (Time of 180° E. Long.). 


— 



«2 

h 


6, 


b. 


y 

y 

y 

7 

7 

7 

7 

7 

January 

-25-37 

-so -92 

-1*00 

-f4-06 

-0-04 

-3-43 

+0-88 

-0-30 

February 

-36-39 

-42-26 

-0-86 

+8-36 

+4-21 

-1-78 

-2-00 

-1-64 

March 

-33-66 

-26-88 

-3-22 

+6-06 

+1-36 

+1-61 

+0-61 

+0-19 

April 

-33-64 

-23-67 

-3-84 

+6-07 

+0-63 

+0-99 

-0-93 

-1-27 

May 

-20-09 

-14-94 

-1-09 

+2-96 

+0-26 

+0-23 

-0-72 

+0-67 

June 

-17-24 

-12-37 

-2-52 

+3-83 

-0-42 

+1-22 

-0-16 ■ 

+0-43 

July 

-18-92 

-16-87 

-0-26 

+2-77 

+0-63 

+1 -40 

+0-48 

+0-62 

August 

-19-81 

-14-22 

-0-07 

+4-82 

+1-86 

+1-12 

-0-04 

+0-70 

September 

-22-98 

-16-93 

-1-73 

+6-79 

+2-41 

+1 -08 

-0-66 

-0-14 

October 

-27-02 

-20-06 

-0-93 

+4-62 

+1-74 

+0-68 

+1-42 

+0-85 

November 

-28-81 

-27-43 

-2-73 

+7-99 

+3-28 

-0-32 

-0-66 

-0-70 

December 

-28-06 

-37-54 

-1-62 

+6-17 

+2-74 

+0-42 

-0-13 

+2-19 

Year 

-26-99 

-23-60 

-1-66 

+6-36 

+1-66 

+0-26 

-0-16 

+0-13 

Winter 

-19-01 

-14-35 

-0-98 

+3-69 

+0-68 

+0-99 

-0-10 

+0-68 

Equinox 

-29-30 

-21-61 

-2-43 

+6-86 

+1-61 

+1-06 

+0-13 

-0-09 

Summer 

-29-65 

-34-64 

-1-63 

-1-6-64 

+2-66 

-1-28 

-0-47 

-0-11 


Table XLI. — S. Fourier Coefficients, 10 Quieter Days (Time of 180° E. Long.). 


— 


bi 


6, 



<h 

b, 


y 

7 

7 

y 

7 

7 

7 

7 

January 

-19-80 

-26-86 

+0-19 

+4-36 

-0-09 

+0-66 

+0-91 

-2-16 

February 

-29-64 

-32-84 

+0-03 

+6-03 

+4-31 

+0-17 

-1-26 

‘-|“0‘32 

March 

-19-04 

-17-01 

-3-74 

+3-10 

+2-99 

+0-82 

-1-22 

-0-22 

April 

-17-66 

-12-60 

-1-85 

+2-68 

-0-28 

+1-79 

-1-17 

-0-70 

May 

- 8-95 

- 6-91 

-0-32 

+0-97 

+0-49 

+0-36 

-0-01 

-0-06 

June 

- 8-36 

- 6-94 

-0-78 

+1-88 

+0-63 

+2-09 

-0-32 

+0-31 

July 

-10-22 

- 8-83 

+0-26 

+3-16 

+1-62 

+1-87 

-0-96 

-0-10 

August 

-10-66 

- 6-76 

+0-23 

+2*38 

+0-80 

+1-20 

-0-06 

+0-27 

September 

-14-60 

- 6-77 

-0-78 

+4-06 

+0-62 

+0-36 

-0-36 

+0-27 

October 

-19-37 

-12-62 

+1-70 

+2-96 

+1-26 

-0-14 

-0-01 

+0-14 

November 

-21-11 

-16-66 

+0-61 

+6-06 

+1-62 

+1-93 

-1-00 

+0-09 

December 

-17-83 

-26-67 

+0-43 

+2-26 

+0-37 

”j-'2 *50 

-1-18 

-0-39 

Year 

-16-42 

-14-96 

-0-34 

+3-32 

41-18 

+1 * 13 

-0-66 

-0-18 

Winter 

- 9-62 

- 7-11 

-0-16 

+2-10 

+0-89 

+1-38 

-0-33 

+0-11 

Equinox 

-17-64 

-12-23 

-1-17 

+3-20 

+1 -12 

+0-70 

-0-69 

—0-13 

Summer 

-22-10 

-26-50 

+0-29 

+4-67 

+1-63 

+1-31 

-0-63 

—0-63 






Table XLIL — ^V. Fourier Coefficients, all Complete Days (Time of 180° E. Long.). 


— 


h 


h 


h 


b. 


V 

V 

y 

y 

y 

y 

y 

y 

January 

+27-23 

+11-47 

+0-65 

-1-45 

+0-96 

+6-00 

-2-56 

-1*36 

February 

+33-49 

+ 9-78 

-1-45 

-3-86 

+0-28 

+2-07 

-0*80 

-1-75 

Marcb. 

+22-26 

+ 2-44 

-|-0 • 41 

-3*71 

-0-20 

+2-44 

-0*71 

-1-46 

April 

+21-44 

- 1-65 

-0-08 

-2-53 

+1-34 

+1-39 

+0-12 

-4-0*35 

May 

+15-62 

- 2-87 

-0*09 

-1*06 

+0-15 

+1-06 

-0*74 

-0-12 

June 

+14-34 

- 4-39 

-0-59 

-0-98 

-0-29 

+0-37 

-0-67 

+0-09 

July 

+15-00 

- 2-83 

+0-44 

-0-66 

-1-12 

-0-79 

-0-61 

-0-66 

August 

+13-88 

- 1-14 

-0-58 

-1-00 

-0-20 

+0-48 

-0-28 

-0-78 

September 

+16-92 

4- 0-86 

+0-50 

-3-08 

+0-63 

+0-58 

+0-06 

-0-41 

October 

+20-14 

+ 6-60 

+0-10 

-2-79 

+0-40 

+1-.52 

-1-40 

-0-37 

November 

+26-69 

+ 8-16 

+2-37 

-3-86 

+2-30 

+4-37 

-2-84 

+1-41 

December 

+36-74 

+10-19 

-2-61 

-3-95 

+2-42 

+2-71 

-0-27 

-2-66 

Year 

+21-89 

+ 2-97 

-0-07 

-2*41 

+0-65 

+1-77 

-0-89 

-0-64 

Winter 

+14-71 

— 2-81 

-0-20 

-0*92 

-0-37 

+0-28 

-0-57 

-0-37 

Equinox 

+19-94 

+ 1-83 

+0-23 

-3*03 

+0-52 

+1-48 

-0-48 

-0-47 

Summer 

+31-01 

+ 9-90 

-0-23 

-3*28 

+1-49 

+3-54 

-1-62 . 

-1-09 


Table XLIII. — Y, Fourier Coefficients, 10 Quieter Days (Time of 180° E. Long.). 


• 


bx 

^2 

K 

«3 

bz 

«4 

b, 


y 

y 

y 

y 

y 

y 

y 

y 

January 

+23-32 

+10-44 

-1*08 

-1*93 

-0*75 

+3*92 

-0*47 

— 1.62 

February 

+28-46 

-j- 9*58 

-2*36 

-2-09 

-0*05 

+1-02 

-0*24 

-1-99 

Marob 

+11-47 

+ 5*70 

+0-72 

-5-43 

-0*43 

+3-23 

-1*29 

-2-09 

April 

+13-89 

- 0-06 

-1*16 

-3*69 

+0*06 

+0*47 

-1*62 

-0-21 

May 

+ 6-62 

— 0-05 

+0-20 

-0-66 

-0*21 

+0-73 

-0-.57 

+0-32 

June 

+ 7-18 

- 1*97 

-0-46 

-0*11 

-0*20 

-0*23 

+0*15 

+0-01 

July 

+ 7-31 

- 1-06 

-0-60 

+0*12 

-0-25 

+0-26 

-0-03 

-0.30 

August ' 

+, 7-89 1 

+ 0-19 

-0-15 

+0*52 1 

-0-08 

+0-31 

-0-05 

—0.64 

September 

+10-68 

+ 0-72 

0-00 

-0*96 

+0-41 

+1-94 

-0-20 

+0.11 

October 

+15-93 

+ 3-43 

-1-63 

-1*44 

+0-30 

+2-10 

-1-51 

-0.20 

November 

+24-73 

+ 6-89 

-1-10 

-2*84 

+1-46 

+1-35 

+0-01 

+0.76 

December 

+28-12 

+11-64 

-1-96 

-3*86 

+1-71 

+2-40 

+0-15 

+0.16 

Year 

+15-46 

+ 3-71 

-0-79 

-1-86 

+0-16 




Winter 

+ 7-26 

— 0-72 

-0-25 

—0-03 

-0-19 

+0-27 



Equinox 

+12-97 

+ 2-45 

—0-49 

—2-86 

+0-08 

+ 1-94 



Summer 

. +26-16 

+ 9-39 

-1-63 

—2-68 

+0-69 

mg 
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Table XLIV. — E. Fourier CoefiSicients, all Complete Days (L.M.T.). 


- — 


«1 


«2 

<53 

ag 

C 4 

04 

January 

y 

O 

f 

y 

o 

Y 

0 

y 

0 

38-42 

148 

15 

13-84 

294-8 

8*16 

132 

3-16 

71 



64-50 

153 

44 

8-18 

293-6 

0-76 

261 

1-86 

287 

March 

43-65 

164 

63 

8-75 

291-8 

0-98 

139 

1*03 

6 

A])ril 

37-19 

156 

14 

7-63 

292-5 

0-47 

325 

0*65 

316 

May 

25-20 

166 

34 

6-71 

284-6 

1-71 

30 

0-57 

52 

June 

20-69 

156 

40 

6-81 

278-5 

1-79 

345 

0-43 

40 

.Inly 

22-21 

162 

44 

5-43 

267-6 

1-48 

1 

1-61 

336 

AUj^UHfc 

26-10 

157 

21 

6-60 

288-1 

1-12 

66 

1-42 

339 

1 Sc])tciu]>or 

31-15 

159 

37 

7-36 

300-9 

0*52 

353 

1-24 

273 

i October 

38-26 

162 

26 

8-89 

306-1 

M7 

69 

0-69 ' 

351 

! November 

44-89 

156 

18 

11-08 

303-6 

2*49 

312 

3*28 

211 

December 

42-00 

168 

3 

8-44 

266-7 

4*19 ^ 

4 

2-79 

272 

Arithmeti<i mean 

35-36 

— 

8-14 

— 

2-07 

— 

l-,55 

— • 

Year 

35-26 

154 

56 

7-97 

290-6 

0-73 

48 

0-59 

309 

Winter 

23-51 

166 

38 

5-84 

280-2 

1-33 

16 

0-88 

352 

Hquinox 

Summer 

37-51 

44-88 

168 

151 

7 

63 

8-11 

10*11 

297-6 

291-1 

0-38 

0-94 

68 

88 

0-68 

0-86 

321 

261 


'Pahle XLV. -E. Fourier Coefficients, 10 Quieter Days (L.M.T.). 


January 

February 

Mar<‘li 

April 

May 

Jun<^ 

July 

AuguHt 

September 

October 

Nnvemlier 

December 




“2 

«s 

«3 

C 4 

*4 

y 

32-86 

42-13 

24-82 

20- 32 
10-80 

10- 92 
9-93 

11- 94 
16-20 

21- 79 
32-48 
29-13 

0 f 

145 36 
152 37 
147 53 
161 8 
162 64 
168 63 
168 48 
161 16 
167 4 

174 9 

162 36 
147 39 

y 

8-32 

6-17 

4-76 

3-27 

2-10 

1-77 

1- 35 

2- 21 

6- 93 

7- 15 
10-67 
10-74 

0 

326-9 

282-4 

289-0 

269-9 

292-4 

261-2 

268-4 

300-3 

311- 5 

330- 4 

331- 3 

312- 6 

y 

2-28 

2-20 

0-87 

2-62 

0- 98 

1- 30 

1- 99 
0-60 

0- 79 

2- 00 
3-54 

1- 86 

0 

114 

255 

245 

312 

359 

318 

340 

6 

87 

290 

303 

17 

y 

0-28 

1- 95 

2- 18 
0-36 
0-23 
0-16 
0-68 
0-22 
0-06 

0- 59 

1- 51 

2- 46 

0 

96 

351 

36 

61 

288 

220 

304 

353 

178 

59 

179 

19 

Arithmetic mean 

21-94 

— 

6-28 

— 

1-73 

— 

0-88 


Year 

Winter 

Equinox 

Summer 

21-70 

10-88 

20-46 

33-94 

166 11 
168 2 

161 46 

162 14 

4-92 

1-78 

4-90 

8-36 

309-8 

283-0 

306-6 

317-2 

0- 54 

1- 14 
0-26 
0-96 

293 

341 

247 

249 

0-48 

0-24 

0-76 

0-71 

20 

301 

42 

17 


106 



Table XLVL— S. Fourier Coefficients, all Complete Days (L.M.T.) 


, — 


1 

«i I 


«2 


«3 

C4 

“4 


V 

O 

/ 

V 

o 

Y 

0 

y 

0 

39-99 

232 

58 

4-18 

13-4 

3-43 

222 

0-93 

163 


66-77 

234 

20 

8-40 

21-3 

4-67 

164 

2-68 

285 


42-38 

246 

68 

6-86 

369-2 

2-10 

81 

0-64 

127 


41-08 

248 

36 

7-18 

364-9 

1-12 

69 

1-68 

271 



246 

68 

3-14 

6-9 

0*35 

90 

0*92 

3 


21-22 

247 

57 

4-68 

363-8 

1-29 

22 

0-45 

36 



243 

37 

2-78 

22-1 

1-63 

66 

0-79 

92 


24-39 

247 

66 

4-82 

26-4 

2-16 

100 

0-70 

61 

September 

28-64 

247 

13 

7-01 

12-9 

2-64 

107 

0-68 

311 

October 

33-66 

247 

1 

4-61 

15-6 

1-83 

113 

1-65 

114 

November 

39-79 

240 

0 

8-44 

8-3 

3-30 

137 

0-95 

277 

December 

46-86 

230 

22 

6-36 

13-3 

2-77 

122 

2-20 

61 

Arithmetic, mean 

35*28 

- 

- 

6-70 

— 

2-26 

— 

1*16 

— 

Year 

35*04 

241 

29 

6-61 

10-1 

1-67 

121 

0*19 

6 

Winter 

23-82 

246 

34 

3-72 

11-9 

1-15 

71 

0*59 

44 

Equinox 

36-40 

247 

12 

6-35 

4-7 

1-84 

96 

0*16 

179 

Summer 

45-62 

234 

15 

6-82 

14-2 

2-85 

158 

0*48 

311 


Table XLVII. — S. Fourier CoefS,cients, 10 Quieter Days (L.M.T.). 


— 

<1 

«1 

Cg 

H 

C 3 

“8 

C 4 

“4 


y 

0 

/ 

y 

o 

y 

0 

y 

0 

January 

33*37 

230 

0 

4-36 

29*6 

0-65 

33 

2*34 

212 

February 

44-24 

235 

40 

6*03 

27*5 

4-31 

129 

1-30 

339 

March 

25-53 

241 

50 

4-86 

336-9 

3*10 

116 

1*24 

314 

April 

21*64 

248 

19 

3*26 

352*7 

1*81 

32 

1*36 

294 

May ... 

11*31 

245 

56 

1-02 

9*2 

0-60 

96 

0*05 

249 

June 

10-26 

248 

13 

2*03 

4-8 

2-19 

58 

0-45 

9 

July 

13-51 

242 

47 

3-16 

32*0 

2-47 

82 

0*96 

318 

August 

12-53 

250 

57 

2*39 

32*6 

1-44 

75 

0*27 

45 

September 1 

16-00 

258 

35 

4*13 I 

16*3 

0-63 

97 

0*44 

3 

October 

23-12 

250 

30 

3*41 

57*1 

1-27 

137 

0*14 

61 

November 

26-88 

245 

20 

6*07 

32*0 

2-46 

79 

1*00 

330 

December 

31-25 

228 

24 

2*30 

37*9 

2-53 

49 

1*24 

306 

Arithmetic mean 

22-47 


- 

3-58 

— 

1*96 

•— 

0-90 

— 

Year 

22-21 

241 

17 

3-34 

21-3 

1-63 

87 

0-68 

306 

Winter 

11-88 

246 

61 

2-10 

23-1 

1-64 

74 

0-35 

342 

Equinox 

21-47 

248 

63 

3-41 

7-2 

1-32 

99 

0-70 

314 

Summer 

33-76 

234 

30 

4-68 

30-7 

2-01 

90 

0-82 

284 


106 






Table XL VIII. — V. Fourier Coefficients, all Complete Days (L.M.T.). 


— 

Cl 

H 

Ca 

«2 


H 

] 

a4 


y 

o 

/ 

y 

0 

y 

0 

y 

o 

January 

29-55 

80 

45 

1-59 

183-1 

5-09 

62 

2-90 

297 

February 

34 -Si) 

87 

19 

4*12 

227-8 

2-09 

49 

1*93 

269 

Mardi 

22-38 

97 

21 

3-73 

200-9 

2-46 

36 

1-62 

260 

A])ril 

21-50 

107 

44 

2-63 

208-9 

1-93 

86 

0*37 

73 

May 

15-88 

114 

0 

1-06 

212-0 

1-07 

49 

0-76 

316 

June ... 

16-00 

120 

36 

1-14 

238-2 

0-47 

3 

0-68 

332 

July 

15-27 

114 

18 

0-80 

173-3 

1-37 

276 

0-90 

278 

August 

13-92 

108 

17 

1-16 

237-4 

0-52 

18 

0-83 

254 

September 

15-94 

100 

33 

3-12 

197-9 

0-79 

83 

0-42 

226 

October 

20-91 

88 

3 

2-80 

205-1 

1*57 

66 

1-46 

310 

Naveuibor 

27-81 

80 

34 

4-53 

176-6 

4*94 

69 

3-17 

361 

December 

38-13 

88 

0 

4-68 

239-6 

3-63 

83 

2-67 

240 

Aritlrmetic mean 

22-00 

- 


2-60 


2-16 

— 

1-47 

— 

Year 

22-09 

95 

52 

2-41 

208-8 

1-86 

68 

1-10 

289 

Winter 

14-98 

114 

24 

0-95 

219-6 

0-46 

348 

0-68 

292 

Equinox 

20-02 

98 

20 

3-04 

202-8 

1-57 

60 

0-67 

280 

Summer 

32-55 

85 

54 

3-29 

. H 

211-3 

3-84 

64 

1-96 

291 


Table XLIX. V. Fourier Coefficients, 10 Quieter Days (L.M.T.). 








, 








H 


h, 


C4 

«4 


y 

0 


y 

0 

y 

0 

y 

0 

January 

26-55 

79 

29 

2-21 

236-4 

3*99 

30 

1-68 

261 

February 

30-03 

85 

0 

3-16 

266-8 

1-02 

38 

2-00 

241 

March 

12-81 

77 

12 

5*47 

199*0 

3-26 

33 

2-46 

266 

A])ril 

13-89 

103 

48 

3-77 

226-0 

0-48 

48 

1-63 

317 

May 

()‘()2 

104 

2 

0*69 

190-6 

0-76 

26 

0-66 

364 

June 

7-44 

118 

55 

0*46 

283-6 

0-31 

262 

0-16 

142 

July 

7-38 

111 

46 

0-Gl 

308-6 

0-36 

368 

0-30 

240 

August 

7-89 

102 

13 

0-64 

11-5 

0-32 

26 

0-64 

239 

September 

10-61 

99 

42 

0-96 

207-4 

1-99 

63 

0-23 

362 

October 

16-29 

91 

27 

2-10 

263-8 

2-12 

49 

1-62 

317 

November 

26-42 

90 

12 

3-04 

228-4 

1-97 

88 

0-77 

55 

December 

30-43 

81 

7 

4-32 

234-2 

2-94 

76 

0-22 

98 

Arithmetic mean 

16-20 

- 

- 

2-28 

— 

1-63 

— 

1-02 

— 

Year 

16-90 

90 

7 

2-01 

230-2 

1-47 

47 

0-67 

279 

Winter 

7-29 

109 

16 

0-25 

290-1 

0-33 

6 

0-20 

273 

Equinox 

13-20 

92 

64 

2-90 

217-0 

1-94 

43 

1-30 

297 

Summer 

27-79 

83 

62 

3-13 

238-5 

2-26 

66 

0-68 

246 
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Table L. — ^Ratios of Amplitudes of Fourier Waves, 


Element 

C2/Cj 

ea/ei 

cjci 

Year. 

Winter. 

O 

fl 

'1 

a 

B 

p 

CQ 

O 

pH 

Winter. 

Equinox, 

Summer. 

Year. 

Winter. 

Equinox. 

Summer. 

E All days 

•226 

•249 

•216 

•225 

■M 

•067 

•010 

•021 

•017 

•037 

•018 

•019 

E Quieter days 

•227 

•164 

•239 

•246 


•105 

•012 

•028 

•022 

•022 

•037 

•021 

S All days 

•160 

■156 

•174 

•150 


•048 

•051 

•063 

•006 

•025 

•004 

•oil 

S Quieter days 

•150 

•177 

•159 

•139 

Rr |l 

•138 

•061 

•060 

•026 

•030 

•033 

•024 

V All days 

•109 

•063 

•152 

•101 


•031 

•078 

•118 

•060 

•045 

•033 

•060 

V Quieter days 

•126 

•034 

•220 

•113 

[Q| 

•045 

•147 

•081 

•042 

•027 

•098 

•024 

Mean — 













All days 

•165 

•156 

•181 

•169 

•060 



•067 

•024 

•036 

•018 

•030 

Quieter days 

•168 

•126 

•206 

•166 

•063 

•096 

m 

•056 

m 

•026 

•066 

•023 

Mean — ^Kew ... 

•607 

•640 

•640 

•687 

•247 

•277 

•320 

•170 

•093 

•133 

•130 

•040 


Table LI. — ^Phase Angle Difierences. 10 Quieter Days — All Days. 


Element. 

«1 


a 

2 



c 

3 


a4 

c 

cd 

i>l 

Winter. 

X 

o 

Q 

*3 

cr 

Summer. 

ee 

pH 

' 

0) 

•4J 

d 

N 

d 

'B 

Summer. 

i 

0) . 

Winter. 

Equinox. 

Summer. 

t 

pH 

Winter. 

Equinox. 

a 

1 

02 


O / 

o / 

o / 

0 / 

o 1 

0 1 

o 1 

o 

o ! 

0 

o 

9 

o 

0 

0 

o 

E .... 

+ 1 15 

+2 24 

+3 39 

+0 21 

+ 19-2 

+ 2-8 

+ 9*0 

+26*1 

-116 

-36 

-181 

-199 

+71 

-61 

+ 81 

+ 126 

S .... 

-0 12 

+0 17 

+1 41 

•^-0 16 

+ 11'2 

+ 11*2 

+ 2*5 

+16*6 

- 34 

+ 3 

+ 3 

- 68 

-69 

-62 

+136 

- 27 

V .... 

-6 45 

-6 8 

t-6 26 

-2 2 

+21-4 

-1-70-6 

-fl4*2 

•4-27*2 

- 11 

+18 

- 17 

- 8 

-10 

-19 

+ 17 

- 46 
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Table LII. — Fourier Coefficients for Five Quiet (q) and Five Disturbed (d) Days (G.M.T.) 


— 


6i 



(t^ 

h 


h 

l&{q) 

E(fl!) 

7 

-10-33 

-39-39 

7 

+14-92 

+47-61 

7 

-7-01 

-9-99 

7 

-0-47 

-3-17 

7 

-0-13 

-0-09 

7 

+0-46 

-1-45 

V 

+0-39 

-0-82 

7 

+0-70 

+2-21 

S(!?) 

B(d) 

+13-74 

+43-79 

+13-21 

+41-16 

-0-87 

-6-42 

+4-77 

+7-63 

-1-28 

-2-61 

-0-78 

-0-42 

+0-33 

0-00 

+0-07 

-0-06 

V(?) 

Y{d) 

-16-51 

-34-22 

- 3-24 
-- 1-06 

-2-16 

+2-44 

-2 -IS 
-2-46 

-0-19 

-0-86 

-0-98 

-0-49 

-0-26 

+0-02 

+0-26 

-1-04 


Table LTII. — Fourier Coefficients for Five Quiet (q) and Five Disturbed (d) Days 

(G.M.T.). 


— 




«* 




a,i 


7 

0 


7 

C 

7 

0 

7 

0 

E(?) 

18-16 

325 

18 

7-03 

266-2 

0-48 

344 

0-80 

29 

EW 

61-80 

320 

24 

10-48 

262-4 

1-46 

184 

2-36 

340 

S(7) 

19-05 

46 

8 

4-85 

349-7 

1-60 

239 

0-34 

79 

sw 

60-09 

46 

47 

9-36 

324-6 

2-54 

261 

0-07 

180 

V (?) 

16-84 

268 

12 

303 

226-3 

1-00 

191 

0-36 

316 

V(ci) 

34-24 

268 

14 

3-46 

135-1 

1 

0-99 

240 

1-06 

169 
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Table LIV. — ^Fourier CoeflS.cient3 for Different Types of Days (L.M.T.). 



— 

Cl 



Ca 


C 3 

«3 

C 4 


( 

^6 quiet 

V 

18-16 

O 

168 

64 

7 

7-03 

0 

293-4 

y 

0-48 

0 

205 

y 

0-80 

0 

84 

1 

10 quiet 

21-70 

156 

11 

4-92 

309-8 

0-54 

293 

0-48 

20 

All 

36-26 

154 

56 

7-97 

290-6 

0-73 

48 

0-59 

309 

1 

^5 disturbed 

61-80 

154 

0 

10-48 

279-6 

1-45 

44 

2-36 

34 


r5 quiet 

19-06 

239 

44 

4-85 

16-9 

1-60 

99 

0-34 

133 

s< 

1 10 quiet 

22-21 

241 

17 

3-34 

21-3 

1-63 

87 

0-58 

306 

1 AU 

36-04 

241 

29 

6-61 

10-1 

1-57 

121 

0-19 

5 


L5 disturbed 

60-09 

240 

23 

9-36 

361-8 

2-64 

121 

0-07 

234 


'5 quiet 

16-84 

91 

48 

3-03 

252-6 

1-00 

52 

0-36 

11 

V' 

10 quiet 

16-90 

90 

7 

2-01 

230-2 

1-47 

47 

0-67 

279 

V "< 

All 

22-09 

96 

62 

2-41 

208-8 

1-85 

68 

I-IO 

289 


^5 disturbed 

.34-24 

101 

60 

3-46 

162-3 

0-99 

101 

1-06 

224 


Table LV.— D and H. Fourier Coefficients (Time of 180“ E. Long.). 


j 



«2 

h 

(h 

65 

«4 


Declination. 

^Year ... 

! 

-25-03 

/ 

+11-96 

r 

+5-20 

/ 

+2-61 

r 

+0-46 

/ 

-0-44 

/ 

+0-36 

f 

+0*16 

All I 

Winter ... 

-17-10 

+ 8-56 

+3-73 

+2-49 

+0-62 

-0-54 

+0-53 

- 0*10 

complete 

Equinox 

-25-98 

-4-14:-81 

+5-08 

+1-98 

+0-40 

+ 0-12 

+0-54 

0-00 

days. 

^Summer 

-32-00 

+ 12-60 

+6-80 

+3-07 

+0-38 

-0-91 

+0-01 

+0-56 

Decimation. 

"Year 

-16-28 

+ 7-40 

+3-38 

+0-36 

+0-78 

+0-51 

+0*01 

-0*35 

10 J 

Winter ... 

- 7-90 

+ 4-00 

+1-21 

+1-04: 

+1-03 

+0-06 

+0-05 

+0*11 

quieter 

Equinox 

-13-96 

+ 8-45 

+3-12 

+0-52 

+0-47 

+0-41 

-0-12 

-0-58 

days. 

^Summer 

-23-97 

+ 9-77 

+5-82 

-0-47 

+0-86 

+1-06 

+ 0-10 

-0-59 



y 

V 

y 

y 

y 

y 

y 

y 

Horizontal 

fYear 

-14-07 

-33-02 

- 4-88 

+4-46 

+1-44 

+0-55 

-0*38 

+0-05 

Force. ^ 

1 Winter ... 

-11-00 

-20-90 

-3-28 

+2-51 

+0-28 

+1-41 

-0*4:3 

+0-70 

All complete^ 

j Equinox 

-17-17 

-32-61 

-.6-67 

+6-32 

+1-43 

+1-11 

-0*17 

-0-10 

days. 

L Summer 

-14-03 

-45-56 

-5-68 

+6-64 

+2-60 

-0-88 

-0*53 

-0-45 

Horizontal 

rYear ... 

- 9-20 

—20-89 

-2-37 

+3-47 

+0-84 

+0-95 

-0*61 

+0-01 

Force. 

) Winter ... 

- 5-90 

-10-22 

-0-88 

+1-71 

+0-38 

+1-49 

-0*40 

+0-06 

10 quieter 

1 Equinox 

-11-33 

-18-49 

-3-12 

+3-24 

+0-97 

+0-54 

-0*69 

+0-20 

days. 

[^Summer 

-10-38 

-.33-96 

-3-10 

+5-45 

+1-19 

+0-83 

-0*76 

-0-24 
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Table LVL — and H. Fourier Coefficients (L.M.T,). 


— 



^2 

H 

C.3 


C-l 

*4 



/ 

O 

t 

f 

0 

/ 

0 

t 

0 

Decimation. 

["Year ... 

27-74 

309 

9 

6-78 

91-4 

0-64 

174 

0-39 

121 

All 

Winter ... 

19-13 

310 

12 

4-48 

83-6 

0-82 

172 

0-54 

155 

complete 

Equinox 

29-91 

313 

17 

5-46 

95-9 

0-41 

114 

0-65 

145 

days. 

^Summer 

34-36 

304 

66 

7-46 

92-9 

0-98 

198 

0-66 

56 

Declination. 

'"Year 

16-98 

.309 

28 

3-40 

111-1 

0-94 

98 

0-35 

233 

10 I 

Winter ... 

8-85 

310 

28 

1-69 

76-6 

1-03 

127 

0-11 

67 

quieter 

Equinox 

16*31 

314 

48 

3-17 

107-8 

0-62 

90 

0-59 

246 

days. 

^Summer 

25-89 

305 

46 

6-84 

121-8 

1*36 

80 

0-60 

226 



V 

0 

$ 

y 

0 

y 

O 

y 

O 

Horizontal I 

"Year ... 

35-90 

213 

40 

6-61 

339-6 

1-64 

no 

0-38 

332 

Force. J 

Winter ... 

23-61 

221 

18 

4-13 

334-7 

1-44 

52 

0-82 

23 

All complete | 

Equinox 

36-86 

221 

22 

7-78 

340-4 

1-81 

93 

0-20 

296 

days. 1 

[^Summer 

47-66 

210 

43 

7-94 

341-6 

2-74 

150 

0-70 

284 

Horizontal 

fYear ... 

22-82 

217 

23 

4-20 

352-9 

1-27 

82 

0-61 

326 

F'orce. ^ 

Winter ... 

11-80 

223 

36 

1-92 

360-0 

1-63 

66 

0-40 

332 

10 quieter 

Equinox 

21-69 

226 

6 

4-60 

343-2 

1-11 

102 

0-72 

341 

days. 

1^ Summer 

36-51 

210 



35 

6-27 

367-6 

1-45 

96 

0-79 

307 


Table LVIL — Fourier Coefficients from Mean Diurnal Inequality for tlie year. 

1911-12 and 1902-03. 



Element. 

Epoch. 


«! 

C, 

02 




«4 

D 

All complete days 

1911-12 

r 

27-74 

0 t 

309 9 

/ 

5*78 

0 

91-4 

/ 

0-64 

0 

174 

/ 

0-39 

0 

121 

D 

ft ft 

1902-03 

20-36 

338 29 

4-43 

133-4 

0-34 

66 

0-66 

217 

D 

Quieter days 

1911-12 

16-98 

309 28 

3-40 

111-1 

0-94 

98 

0-35 

233 

D 

,, ,, 

1902-03 

15-22 

341 36 

3-45 

160-9 

0-96 

70 

0-57 

230 

H 

Ail complete days 

1911-12 

y 

36-90 

o r 

213 40 

y 

6-61 

0 

339-6 

y 

1-64 

Q 

no 

y 

0-38 

0 

332 

H 

Quieter days 

1911-12 

22-82 

217 23 

4-20 

362-9 

1-27 

82 

0-61 

325 

H 

1902-03 

16-72 

226 64 

3-14 

376-6 

O' 49 

93 

0-39 

400 

V 

All complete days 

1911-12 

22-09 

96 52 

2-41 

208-8 

1 86 

68 

1-10 

289 

V 

ft ft >f 

1902-03 

15-34 

86 52 

3-49 

240-6 

1-89 

45 

1-00 

287 
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CHAPTEK VI. 

DAILY MAXIMA AND MINIMA. ABSOLUTE RANGES. 


Section 32. — By the absolute diuxnal or daily range is meant the excess of the largest 
over the least value recorded during the 24 hours. The absolute ranges for E', S' and V 
are given for every day available in Tables LVIII, LIX and LX, pp. 118 to 123. Owing 
to the necessity of changing the photographic paper, there is unavoidably a short daily 
loss of trace, and there is a possibility that one if not both of the extreme values for the 
day may occur during the changing interval, and so fail to be recorded. Such a 
possibility is naturally' greatest where disturbance is most prevalent, supposing the 
changing time to avoid the ordinary hour of maximum or minimum, and so is a less 
unlikely contingency in the Antarctic than at the average station. But even in the 
Antarctic, supposing the change of papers to occupy as usual only a few minutes, the 
chance of an extreme value occurring during the changing interval is trifling, and if 
it should occur, unless an unusually rapid change were in progress at the time, the 
underestimate in the daily range due to the loss of trace could not be large. There 
were, however, a certain number of days, especially in November, 1912, when the 
interruptions or imperfections of trace were such that there is a considerable chance 
or even a practical certainty that there was loss of one or both of the extreme values 
of the day. In these oases the range given is enclosed in parentheses ; it represents the 
difference between the greatest and least ordinates actually recorded. Such ranges 
are probably underestimates, in some cases probably only a little short in other cases, 
however, a great deal short of the true range. 

Table LXI, p. 124, gives for each month the mean of the absolute ranges, and the 
largest and least of them. Only complete days were employed for the calculation of the 
mean or for the minimum range, because the inclusion of days of curtailed range would 
obviously have been misleading. But in two or three instances these presumably 
curtailed ranges included the largest of the month, which has been accepted as the 
maximum, being inclosed in parentheses to indicate that it is probably an underestimate. 

Table LXI also gives in the last line the mean of the monthly means for the 11 
months of 1911 and 1912. On the average the S' and V ranges are respectively about 
88 and 60 per cent, of the E' ranges, the ratios between the ranges being closely the 
same for 1911 and 1912. 

There is a large reduction in the absolute ranges, just as there was in the inequality 
ranges, in 1912 as compared with 1911. The difference between the two years in the 
Antarctic is greater than it was in temperate European latitudes — at Kew Observatory, 
for instance. Also, as with the inequahty ranges, there is a large annual variation in 
the absolute ranges, the maximum occurring near midsummer, the minirmim near 
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midwinter, and the equinoctial months occupying an intermediate position. The 
minimum range in Table LXI shows an annual variation of the same type as in the mean 
range but relatively even larger. In February, 1911, no day had a range less than 163y 
in E', 170y in S', or 129y in V ; whereas the smallest ranges for the three elements in 
June, 1911, were respectively only 31y, 34y and 22y. The maximum monthly ranges 
in Table LXI show much less regularity in their annual variation. The absolutely 
largest ranges recorded were 727y in E' during December, 1911, 652y in S' during April, 
1911, and 453y in V during July, 1911. In 1912 the largest S' range, 438y, and the 
argest V range, 372y, occurred in May. Thus while notably large disturbances were 
most numerous in the summer and equinoctial months, they were not confined to these 
months. The presence of the sun above the horizon during part of the 24 hours is 
clearly not an essential condition for large disturbances. 

Table LXII, p. 124, gives the ratio borne by the mean absolute range for each month 
to the corresponding inequality range. The fourth and eighth columns give the mean 
of the ratios derived from E', S' and V for the individual months, and the last column 
gives the mean of the corresponding results for the two years. The figures in this last 
column show a very decided annual variation, the mean ratio tending to be largest 
towards midwinter and least in summer. The size of the inequality range is largely 
dependent, as we have seen, on the presence of disturbance, and this dependence is 
especially marked at midwinter. The values of the ratio for any one element in Table 
LXII show irregular fluctuations of a presumably accidental character. In 1911 the 
final mean value of the ratio is appreciably less for S' than for the other two elements. 
But this is not improbably accidental, as the final mean values of the ratio for the 
three elements in 1912 are almost identical, and the final means from the three elements 
are very nearly the same for the two years. 

Section 33. — Tables LXIII, LXIV and LXV, pp. 125 and 126, show the frequency of 
occurrence of ranges of different sizes in the three elements. The total number of days 
available for each month or season from the two years combined is given in parentheses. 
The absence of January data for 1911 and of December data for 1912, and the incom- 
pleteness of so many days of November, 1912, lead to a large reduction in the number of 
summer days, which should be borne in mind when comparing the different seasons. 

Considering first the E' data in Table LXIII we see that ranges less than 50y were 
almost entirely confined to winter months. In summer ranges less than lOOy were very 
rare. In winter half the total number of ranges lay between 50y and 160y, while in 
summer 83 per cent, of the ranges exceeded 150y, and 41 per cent, exceeded 250y. Of 
the 11 ranges exceeding 500y only one occurred in 1912, and ranges exceeding 250y 
were nearly thrice as numerous in 1911 as in 1912. 

Table LXIV gives for S' in summer no range less than 50y, and in equinox only 
1 day in 32 had a range as small as this, as compared with 1 day in 7 in winter. 
The percentage of days having ranges as low as lOOy was much greater for equinox 
than for summer, but ranges exceeding 250y were relatively as numerous in the former 
season as the latter. 
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Conaing to V ranges in Table LXV we see that four-fifths of the days had ranges 
exceeding 60y, and no range as small as this was encountered in summer. The 
percentage number of days having ranges less than lOOy was 71 for winter and 61 for 
equinox, but only 14 for summer ; while the percentage number of days having ranges 
in excess of 200>' was 19 in summer, but only 9 in equinox and 8 in winter. 
Eanges less than lOOy were one and a half times as numerous in 1912 as in 1911, while 
ranges exceeding 200y were three and a half times as numerous in 1911 as in 1912. 

To give a general idea of how very large ranges in the Antarctic really are, it may 
be mentioned that on the average of the 11 years 1890-1900 the mean absolute daily 
ranges at Kew Observatory were 72y in D, 61y in H and 33y in V. Tor the mean 
absolute ranges in the Antarctic from February, 1911, to November, 1912, we have 
187y in E', 163y in S' and 113y in V. Thus we find 

(Range in E' in Antarctic)/(Range in D at Kew) = 2-6. 

(Range in S' in Antarctic) /(Range in H at Kew) = 2-7. 

(Range in V in Antarctic)/(Range in V at Kew) = 3-4. 

Relatively considered, the Antarctic V ranges are thus more outstanding than 
the ranges in the horizontal components. The percentages of the total number 
supplied by ranges exceeding lOOy were at Kew 14-6 in D, 9*5 in H and 2-3 in V, 
whereas they were in the Antarctic 75' 2 in E', 68*1 in S' and 46 -4 in V. 

Sedion 34. — The fact that E' and S' refer to rectangular axes arbitrarily oriented 
reduces the interest attaching to the incidence of the daily maximum and minimum, 
because any results we may obtain will not be directly comparable with data from 
any other station. At the same time the smallness of the angle, 7“ 36', between these 
axes and Geographical East and South, and the great similarity of the diurnal inequalities 
of E' and E on the one hand, and of S' and S on the other, render it unlikely that the 
results obtained for E' and S' differ much from those that would have been obtained 
for E and S. Also the way in which maxima and minima occur is calculated to throw 
light on the nature of the diurnal changes. It has accordingly appeared worth while 
to find the frequency of occurrence throughout the 24 hours of the maximum and 
minimum in E' and S' as well as in V. The results appear in the six Tables LXVI 
to LXXI, pp. 127 to 132. The time employed is that of the 180th meridian. The last 
column in each table shows the number of days used. No day was employed in which 
incompleteness of trace seemed likely to have led to the loss of the true maximum 
or minimum. The results from aU the 22 months, and from the combination of the 
months which belonged to the same season of the year, are given in the four lowest 
lines. The absence of record for January, 1911, and December, 1912, reduces of course 
the number of summer days. 

Referring to Table XI it will be seen that the maximum value in the diurnal 
inequality of E' occurred at 19 h. m the case of all the seasons and the year ; while 
according to Table LXVI the absolute daily maximum occurred most frequently either 
between 19 h, and 20 h. (year, equinox and summer), or between 18 h. 19 h. 
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(winter). At the same time a large majority of individual maxima occurred outside 
these hours. In fact, if we take the whole year, no single hour of the day failed to 
show at least one maximum ; hut there is only one occurrence between 10 h. and 11 h., 
lOh. being the hour when the minimum appeared in the mean diurnal inequality for 
the year. Talcing the whole 22 months, the 12 hours 2 h. to 14 h. contribute only 
45 occurrences or 7|- per cent, of the whole, and of these, 27 are due to the summer 
months. 

In the case of minima in E' we see from Table LXVII that 9-10 h. showed the 
greatest frequency, and 10 h. gave the minimum in the diurnal inequality for the year 
in Table XI. Even in the case of the 22 months, fovu hovirs show no single occurrence, 
and the 12 hours 14 h. (2 p.m.) to 2h. contribute between them only 25 occurrences, 
or about 4 per cent, of the total. Tn this instance, somewhat curiously, summer shows 
the greatest concentration of minima, no single occurrence presenting itself in the 

11 hours 16 h. (4 p.m.) to 3 h. 

The maximum in the diurnal inequality of S' in Table XT presented itself at 16 h. 
in the case of the whole year and summer, hut at 14 h. in the case of winter and eqainox. 
In Table EXYIIT the greatest frequency of occurrence of the maximum presented itself 
between 13 h. and 14 h. in winter, hut between 14 h. and 15 h. in the other groups of 
months. In the whole 22 months six hours show no maximum, and in the equinoctial 
and summer groups there are respectively 12 and 11 hours without an occurrence. The 

12 hours 19 h. (7 p.m.) to 7 h. show between them only 12 occurrences, or hub 2 per cent, 
of the whole. 

The hour of minimum in the diurnal, inequality of S' in Table XV was less constant, 
varying from midnight in winter to 3 h. in summer. The succession of igures in Table 
LXIX is decidedly less regular than in the case of the maxima, especially in summer, 
where the greatest frequency of occurrence of the minima is found between 6 h. and 7 h- 
But in the other groups of months the greatest frequency is found between 23 h. and 
24 h. (all months and equinoctial months), or between Oh. and 1 h. (winter). In the 
twelve hours 8 h. to 20 h. there are only 23 occurrences, or less than 4 per cent, of the 
total, and in the summer months there is no single occurrence between 10 h. and 21 h. 

The maximum in the diurnal inequality of V in Table XIX occurs at 24 h. for the 
year as a whole, hut the hour for the separate seasons varies from 10 p.m. in winter to 
2 a.m. in summer. 

In Table LXX the greatest frequency of occurrence of the maximum is found 
between midnight and 1 a.m. in all the groups of months. A small but decided secondary 
maximum of frequency will be noticed between 8 h. and 10 h. The 12 successive hours 
giving the smallest total are 6h. to 18 h., and this total 111 is fully 18 per cent, of 
the whole number. 

The hour of minimum in the seasonal dhimal inequalities of V in Table XIX 
varies from 12 h. in winter to 14 h. in summer, being 13 h. for the year as a whole. 
In Table LXXI the greatest frequency of occurrence of the minima is found at a decidedly 
earlier hour, viz., 10h.-llh., in the case of the year and the winter months. The 

h2 
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■ mini mfl, are decidedly more concentrated than the maxima in their daily incidence. 
The twelve hours 17 h. (5 p.m.) to 6 h. show only nine occurrences of the minimum, 
i.e., only l-J- per cent, of the total. In the summer months there is no occurrence between 
16 h. and 24 h., and only three occurrences between midnight and 6h. 

When dealing with the incidence of maxima and minima in the Antarctic in 1902—3, 
I defined the concentration of the frequency as “ the percentage which the occurrences 
during the three consecutive hours which, combined, give the greatest number of 
occurrences bear to the total number.” It may be of interest to compare the following 
figures for the concentration thus defined in the difierent elements at the two epochs. 
The elements put in the same line are those most nearly equivalent to one another. 
There is identity between them only in the case of V. 



1911 - 12 . 


1902 - 03 . 

E' 

Maxima 

... 44 

D 

Minima 

... 44 

E' 

Minima 

... 48 

D 

Maxima 

... 54 

S' 

Maxima 

... 51 

H 

Maxima 

... 45 

S' 

Minima 

... 30 

H 

Minima 

... 31 

V 

Maxima 

... 38 

V 

Maxima 

... 40 

V 

Minima 

... 52 

V 

Minima 

... 35 1 


The figures in the same line for the “ concentration ” show a considerable 
resemblance, except in the case of V minima. In 1902-03 the hours showing the 
greatest frequency of V minima differed for the different seasons in a somewhat irregular 
way. 

Section 35. — Table LXXII, p. 133, presents the results as to the incidence of maxima 
and minima in a different way, enabling a more direct comparison to be made with the 
hourly values in the diurnal inequalities. The figures relate to the year as a whole. 
A numerical illustration will best serve to explain how the figures were got and what 
they mean. According to Tables LXX and LXXI, if we take the two hours 3 h.-4 h. 
and 4 h.-5 h. we have in the first, 39 occurrences of maximum and 3 of minimum, and 
in the second, 31 occurrences of maximum and 1 of minimum. If we count one maximum 
as + 1, and one minimum as — 1, the entries under these two successive hours become 
+ 39 — 3 or + 36, and 31 — 1 or + 30. Domg this for all hours of the 24 we 
get a series of quantities whose numerical sum is 988, giving an arithmetic mean of 41-2. 
Of this, 36 and 30 represent respectively 87 and 73 per cent. Thus we get a new set of 
24 hourly values having + 87 for 3 h.- 4 h. and + 73 for 4 h.-5 h. The arithmetic mean 
of these two values, i.e., -\- 80, appears in Table LXXII at 4h. in the column headed 
“ max. — ^min.” in V. The corresponding entry in the column headed “ Inequality ” 
in V is got as follows : The entry under 4 h. in Table XIX in. the diurnal inequality for 
the year in V is + 11 • 9y. The A.D. (arithmetic mean of the 24 hourly entries) is 13 • 84y , 
and + (11’9/13.'84) X 100 = -t- 86. In this way we get a diurnal inequality which 
is independent of the imit of force employed, and which is not without advantages 
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when we wish to consider the type as distinct from the amplitude of the diurnal 
variation. 

If the absolute daily maximum and minimum always presented themselves within, 
an hour ox two of the times of occurrence of the maximum and minimum in the ordinary 
diurnal inequality and if, as is the case in the Antarctic, there were little seasonal 
variation in the type of the diurnal inequality, then the max. — min. figures would show a 
very peaked type of diurnal variation. The diurnal variation in the max. — min. figures 
in Table LXXII is in fact distinctly more peaked than that of the inequality figures, 
especially in the ease of V. Still the resemblances between the two are strilring, especially 
in the case of E' and S'. 

As we shall see later, the incidence of disturbance in the Antarctic showed a con- 
spicuous diurnal variation, the maximum of disturbance occurring between 8h. and 
lOh. and the minimum towards midnight. This has no doubt something to do with 
the incidence of the daily maximum and minimum. Eor instance, it probably explains 
the secondary maximum between 8 h. and 10 h. shown by Table LXX in the incidence 
of the daily maximum in V. That is not a time of the day at which the diurnal inequality 
would lead us to expect any appreciable number of maxima, hut large oscillations were 
particularly frequent during these hours, and large oscillations naturally supply lugh 
values even thongh the mean value for the hour is low. 



Table LVIll— 


Day. 

1911. 

Feb. 

K&t. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Doc. 



7 

7 

7 

y 

7 

y 

y 

y 

y 

y 

y 

1 

— 

519 

199 

302 

191 

229 

106 

132 

68 

204 

243 

2 



254 

243 

173 

139 

247 

88 

(113) 

139 

139 

2T3 

3 

— 

206 

174 

125 

109 

622 

161 

63 

107 

356 

265 

4 

— 

263 

173 

75 

48 

140 

168 

29 

119 

360 

212 

5 

— 

389 

192 

127 

326 

142 

142 

106 

122 

228 

155 

6 

327 

323 

81 

154 

181 

100 

240 

106 

140 

207 

313 

7 

379 

257 

122 

261 

136 

184 

133 

89 

153 

193 

468 

8 

4:00 

291 

207 

266 

150 

281 

53 

93 

177 

113 

215 

9 

268 

207 

518 

102 

63 

180 

67 

96 

208 

308 

132 

10 

378 

147 

238 

147 

375 

94 

75 

109 

155 

397 

103 

11 

163 

87 

248 

226 

(166) 

304 

68 

139 

467 

232 

727 

12 

205 

156 

264 

347 

(179) 

234 

82 

197 

265 

207 

390 

13 

277 

102 

(165) 

105 

258 

129 

151 

186 

171 

452 

232 

U 

4:81 

264 

(88) 

99 

204 

93 

88 

127 

161 

363 

144 

15 

(322) 

262 

58 

484 

186 

57 

82 

172 

238 

413 

261 

16 

(212) 

279 

222 

502 

195 

78 

198 

294 

89 

261 

195 

17 

345 

230 

466 

256 

173 

128 

122 

(170) 

332 

298 

318 1 

18 

267 

117 

325 

200 

42 

318 

76 

(38) 

313 

161 

326 

19 

267 

89 

323 

216 

68 

332 

62 

(55) 

334 

134 

318 1 

20 

226 

232 

339 

250 

123 

253 

236 

345 

307 

429 

229 

21 

293 

488 

510 

372 

177 

109 

77 

297 

180 

272 

203 

22 

604 

409 

379 

218 

250 

211 

53 

442 

201 

188 

165 

23 

686 

491 

277 

126 

178 

127 

181 

3()4 

19{) 

129 

179 

24 

525 

341 

184 

118 

(119) 

47 

523 

198 

234 

159 

179 

25 

299 

427 

219 

59 

57 

123 

291 

103 

179 

156 

168 

26 

438 

407 

225 

148 

31 

(iO 

223 

104 

204 

305 

335 

27 

275 

492 

165 

231 

4D 

71 

240 

104 

106 

186 

381 

28 

448 

447 

(254) 

204 

63 

223 

294 

137 

201 

216 

323 

29 

— 

308 

(23J) 

146 

J44 

311 

148 

1 13 

121 

154 

186 1 

30 

— 

214 

316 

61 

36 

197 

126 

(41) 

134 

2()*1 

146 

31 

— 

218 

— 

268 

— 

213 

266 


108 


246 

— 

— 

.. — 




- 



. 
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Absolute E' Ranges. 


1912. 

Jan. 

Fob. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

»Sopt. 

Oct. 

Nov. 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

(413) 

182 

165 

64 

84 

232 

124 

323 

106 

(288) 

206 

213 

233 

164 

77 

127 

215 

(63) 

94 

56 

(102) 

203 

242 

241 

93 

130 

187 

252 

(35) 

123 

66 

134 

133 

123 

149 

16,0 

117 

(76) 

66 

209 

52 

100 

(139) 

90 

297 

130 

98 

168 

299 

99 

321 

30 

116 

(124) 

168 

278 

127 

139 

311 

156 

07 

175 

(53) 

184 

63 

(215) 

118 

114 

150 

185 

136 

26 

112 

(1,36) 

102 

84 

(140) 

202 

202 

187 

122 

189 

252 

87 

74 

128 

181 

215 

141 

139 

293 

84 

80 

232 

121 

66 

105 

222 

(173) 

179 

198 

173 

178 

116 

256 

37 

60 

83 

(74) 

(241) 

255 

294 

187 

123 

28 

216 

44 

103 

123 

(197) 

306 

323 

287 

no 

86 

226 

92 

31 

36 

160 

227 

194 

322 

2,09 

166 

99 

379 

80 

25 

39 

144 

246 

223 

321 

223 

79 

92 

306 

89 

28 

59 

192 

270 

(104) 

260 

213 

173 

275 

J44 

81 

50 

80 

90 

365 

(53) 

153 

12() 

154 

231 

59 

(23) 

127 

43 

60 

259 

361 

2(i0 

338 

90 

270 

74 

(48) 

71 

294 

76 

199 

(279) 

292 

(281) 

m 

208 

44 

58 

93 

97 

386 

146 

(199) 

149 

191 

87 

no 

68 

60 

45 

352 

179 

79 

(274) 

244 

112 

61 

203 

96 

26 

137 

97 

208 

88 


150 

8i) 

144 

40 

70 

57 

JIO 

1,39 

105 

110 

— 

174 

139 

186 

153 

58 

46 

64 

252 

151 

98 

— 

327 

! 160 

(107) • 

76 

24 

45 

83 

228 

1.58 

114 

— 

219 

184 

(94) 

131 

27 

no 

38 

243 

290 

113 

— 

184 

(183) 

78 

98 

47 

57 

45 

150 

210 

1.35 


173 


(95) 

84 

69 

37 

123 

126 

82 

122 

— 

1(38 


126 

73 

38 

160 

128 

1.33 

132 

(161) 

— 

143 


107 

53 

84 

179 

57 

136 

76 

155 


373 

(164) 

121 

39 

35 

164 

74 

117 

06 

171 

— 

179 


232 

D7 

48 

145 

84 

128 

95 

107 


1 ()3 


07 


121 


103 

9.3 • 


131 

— 


lid Mi 
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Table LIX. — 


1911. 


Feb. 

Mfir. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Doc. 

y 

7 

y 

y 

y 

y 

y 

y 

y 

y 

y 


323 

112 

297 

298 

200 

81 

158 

43 

88 

196 

— 

215 

245 

115 

247 

314 

73 

(51) 

152 

103 

175 

— 

210 

258 

122 

112 

245 

176 

83 

162 

176 

177 

— 

231 

198 

63 

61 

124 

166 

23 

81 

236 

164 

374 

255 

154 

71 

(229) 

82 

181 

101 

92 

179 

83 

332 

285 

99 

116 

192 

72 

180 

71 

99 

217 

149 

357 

198 

114 

290 

199 

267 

95 

128 

147 

99 

341 

210 

339 

236 

344 

141 

466 

50 

90 

186 

84 

129 

247 

200 

652 

64 

61 

215 

49 

71 

1 94 

324 

90 

316 

134 

445 

167 

258 

118 

57 

109 

J62 

280 

68 

174 

54 

408 

198 

(119) 

229 

59 

J21 

330 

104 

434 

202 

94 

178 

213 

(259) 

183 

37 

210 

J31, 

189 

295 

233 

83 

(203) 

64 

260 

174 

J2G 

263 

J2r) 

255 

130 

579 

198 

(59) 

68 

211 

143 

1J7 

166 

1 34 

471 

179 

(361) 

198 

48 

237 

190 

132 

]07 

89 

182 

332 

212 

(208) 

204 

238 

326 

115 

89 

JDS 

179 

90 

200 

138 

201 

185 

418 

187 

128 

96 

117 

(262) 

301 

191 

146 

269 

105 

410 

238 

45 

158 

142 

(32) 

341 

' 124 

340 

304 

93 

4G7 

165 

80 

294 

56 

(53) 

217 

89 

179 

170 

405 

328 

201 

14L 

152 

J8L 

440 

212 

236 

187 

279 

339 

303 

264 

185 

146 

85 

230 

180 

155 

199 

507 

510 

411 

169 

263 

186 

47 

372 

161 

138 

132 

417 

358 

342 

57 

169 

186 

130 

18L' 

J26 

97 

185 

594 

3C0 

284 

79 

217 

47 

454 

M7 

170 

108 

Ml 

325 

567 

295 

65 

42 

96 

2‘M- 

lOi 

225 

75 

110 

418 

308 

208 

J83 

34 

44 

2J2 

67 

157 

150 

249 

449 

479 

123 

199 

34 

4(J 

;k)3 

165 

81 

123 

1 321 

441 

299 

(151) 

137 

135 

213 

181 

126 

91 

1-15 

265 

— 

305 

(220) 

59 

203 

342 

127 

82 

96 

113 

108 

— • 

311 

180 

78 

56 

188 

150 

(•17) 

J3() 

182 

100 


210 


242 


191 

105 


103 


241 


120 



Absolute S' Ranges. 


1912. 

Jan. 

Feb. 

Mar, 

Ax)ril. 

May. 

June. 

July. 

Aug. 

Soi)t. 

Oct. 

Nov. 

y 

y 

y 

y 

y 

y 

V 

y 

y 

y 

r 

(198) 

119 

127 

72 

101 

145 

126 

221 

114 

(210) 

174 

191 

135 

102 

55 

02 

131 

(50) 

63 

45 

(139) 

202 

136 

141 

85 

111 

110 

130 

(43) 

116 

32 

127 

76 

131 

116 

112 

112 

(51) 

05 

149 

73 

198 

(83) 

108 

161 

156 

72 

171 

438 

44 

312 

31 

127 

(55) 

71 

233 

139 

111 

270 

186 

(22) 

2(K) 

(07) 

110 

58 

(163) 

109 

58 

170 

225 

162 

(15) 

116 

(94) 

70 

74 

(128) 

164 

199 

371 

96 

1 43 

195 

112, 

59 

101 

147 

145 

130 

136 

199 

65 

68 

412 

115 

05 

154 

109 

(120) 

172 

235 

175 

209 

105 

229 

57 

76 

127 

(44) 

(208) 

142 

220 

235 

60 

35 

157 

70 

53 

90 

(109) 

338 

266 

IfiO 

131 

U7 

300 

120 

29 

24 

157 

77 

217 

337 

188 

107 

102 

382 

51 

24 

45 

85 

(210) 

155 

253 

202 

68 

55 

184 

69 

32 

102 

102 

187 

(62) 

207 

175 

109 

317 

150 

78 . 

48 

92 

70 

336 

(82) 

145 

109 

93 

258 

01 

(17) 

08 

44 

109 

210 

219 

151 

234 

75 

208 

85 

(54) 

40 

257 

50 

177 

(137) 

249 

(237) 

52 

232 

72 

38 

151 

107 

264 

106 

(120) 

178 

123 

43 

90 

49 

58 

70 

243 

209 

51 

(172) 

140 

90 

(!8 

281 

88 

19 

Ol- 

97 

159 

82 


122 

99 

107 

60 

41 

30 

ios 

143 

88 

180 


170 

87 

325 

81 

81 

34 

02 

192 

125 

92 


211 

174 

(51) 

94 

16 

08 

.53 

273 

125 

142 


129 

229 

(55) 

114 

23 

110 

48 

111 

351 

118 

■ ^ 

174 

(212) 

t!8 

96 

28 

111 

4(5 

135 

2(i5 

125 

— 

91 

— 

(147) 

118 

03 

09 

70 

91 

74 

99 


82 


111 

69 

01 

153 

141 

140 

85 

(131) 



102 

— 

82 

61 

55 

90 

70 

109 

59 

142 


135 

(82) 

(70) 

42 

54 

125 

41 

148 

55 

J19 


95 


147 

89 

73 

88 

52 

98 

93 

09 



119 


()1 


72 


120 

92 

. ... 

128 

— ' 
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Table LX. — 



1911. 

Day. 













Peb. 

Mar. 

A-pril. 

May. 

J xme. 

July. 

Aug. 

Sept. 

Oct. 

N'ov. 

Dpc. 


V 

V 

y 

y 

y 

7 

y 

y 

7 

y 

y 

1 


214 

125 

112 

145 

134 

91 

86 

36 

79 

ITS 

2 

— 

148 

114 

130 

106 

127 

41 

(61) 

76 

82 

176 

3 

— 

136 

108 

49 

52 

453 

90 

54 

108 

130 

188 

4 

— 

167 

84 

63 

43 

86 

94 

17 

48 

(153) 

227 

5 

— 

247 

110 

48 

261 

58 

80 

50 

63 

133 

lOO 

6 

252 

146 

56 

68 

208 

44 

95 

49 

69 

138 

156 

7 

261 

]24 

69 

208 

152 

159 

66 

47 

85 

87 

317 

8 

167 

293 

83 

189 

84 

252 

20 

52 

97 

101 

147 

9 

213 

330 

271 

44 

38 

103 

23 

34 


210 

127 

10 

148 

84 

277 

74 

184 

87 

54 

58 

94 

231 

108 

11 

165 

57 

96 

46 

(85) 

313 

37 

65 

143 

130 

331 

12 

150 

48 

1]1 

131 

(299) 

133 

33 

(90) 

122 

130 

264 

13 

129 

49 

(145) 

39 

152 

74 

90 

120 

99 

207 

155 

14 

244 

149 

(47) 

66 

135 

48 

48 

115 

98 

188 

188 

16 

171 

120 

48 

236 

.76 

53 

61 

48 

75 

217 

210 

16 

(141) 

164 

87 

427 

52 

45 

92 

165 

52 

120 

99 

17 

148 

91 

179 

1 147 

65 

1 (61) 

53 

(139) 

109 

131 

230 

18 

172 

72 

251 

119 

30 

92 

46 

(34) 

130 

111 

361 

19 

183 

50 

394 

225 

53 

169 

32 

(45) 

130 

112 

160 

20 

118 

363 

160 

117 

79 

191 

86 

257 

148 

194 

164 

21 

156 

197 

125 

419 

68 

54 

52 

219 

124 

175 

133 

22 

255 

209 

188 

103 

129 

139 

45 

215 

119 

132 

126 

23 

188 

190 

118 

45 

1.52 

70 

J19 

no 

92 

79 

196 

24 

259 

165 

183 

43 

(145) 

32 

338 

88 

125 

116 

169 

25 

194 

259 

200 

53 

32 

35 

148 

61 

148 

105 

89 

26 

240 

157 

79 

124 

22 

32 

133 

57 

(163) 

116 

190 

27 

188 

339 

81 

108 

23 

33 

86 

54 

(66) 

109 

213 

28 

178 

254 

(175) 

68 

01 

286 

155 

65 

96 

107 

169 

29 

— 

171 

(135) 

42 

75 

HO 

55 

75 

67 

122 

135 

30 

— 

145 

310 

m 

40 

128 

G7 

(60) 

105 

153 

97 

31 

— 

108 

— 

m 

— ■ 

264 

146 


64 


275 

— - 
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Absolute V Ranges. 


1912. 


Fob. 

Mur. 

April. 

Mu.y. 

J uno. 

July. 

Auk. 

iS«pt. 


Nov. 

y 

y 

y 

y 

y 

y 

7 

V 

Y 

7 

7 


153 

97 

38 

39 

137 

79 

324 

43 

(172) 

m 

144 

117 

61 

49 

62 

168 

(28) 

33 

44 

(148) 

91 

128 

182 

73 

62 

72 

145 

(28) 

79 

38 

61 

112 

133 

135 

151 

81 

(38) 

24 

134 

39 

81 

(86) 

71 

178 

126 

54 

73 

372 

30 

306 

26 

77 

(58) 

91 

167 

71 

90 

117 

328 

35 

106 

(55) 

79 

57 

(118) 

85 

101 

96 

108 

109 

20 

111 

(69) 

47 

62 

(107) 

150 

170 

183 

81 

109 

126 

39 

.37 

51 

6.3 

13.5 

115 

115 

173 

72 

56 

170 

53 

40 

61 

79 

(87) 

110 

87 

123 

166 

51 

110 

40 

46 

46 

(46) 

(22.3) 

132 

206 

144 

89 

23 

82 

31 • 

38 

09 


275 

165 

107 

103 

44 

119 

80 

16 

13 

8,3 

11.3 

UK) 

226 

191 

90 

65 

311 

40 

17 

23 

65 

109 

108 

217 

153 

79 

60 

198 

47 

10 

42 

91 

149 

(47) 

194 

122 

71 

163 

65 

44 

30 

44 

55 

162 

(.32) 

159 

129 

82 

356 

39 

(IC) 

104 

25 

4.3 

99 

308 

167 

119 

73 

192 

51 

(35) 

28 

95 

56 

103 

(HO) 

165 

(173) 

44 

130 

33 

40 

61 

80 

119 

85 

(174) 

130 

105 

26 

119 

39 

35 

24 

106 

92 

52 

(176) 

101 

93 

56 

79 

43 

12 

67 

65 

80 

83 


110 

111 

76 

36 

22 

27 

62 

90 

63 

122 


136 

64 

103 

93 

36 

35 

39 

95 

81 

87 


228 

87 

— 

63 

15 

4:1 

43 

105 

11)9 

140 


97 

168 


54 

17 

53 

26 

92 

210 

57 


184 

— 


76 

25 

58 

.30 

69 

1.38 

86 


84 

— 

(95) 

55 

49 

24 

55 

65 

67 

83 


72 

— 

73 

50 

29 

162 

6,3 

89 

56 

(76) 


85 


56 

53 

29 

95 

52 

99 

45 

1(K) 

J 

229 

— 

63 

67 

25 

83 

30 

53 

52 

91 


117 

— 

73 

25 

42 

73 

38 

56 

59 

83 

1 

135 

— 

46 

— — 

47 


56 



41 

*■ 

94 

1 

• 1 
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Table LXI. — Absolute Daily Eanges, 



1911. 

1912. 






S' 



V 



E' 



S' 



V 


Honth. 










* 











■p 



4^ 



-p 



<p 



■*3 



Largest. 

1 


Mean. 


Least. 

Mean. 

Larges 

Least. 

Mean. 

Larges 

Least. 

Mean. 

Larges 

Least. 

Mean. 

Larges 

Least. 

Mean. 

Least. 

January 

7 

y 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 


— 

— 

— 

. — 

— 

— 

— 

— 

231 

622 

118 

164 

337 

82 

145 

229 

72 

February 

365 

604 

163 

335 

594 

170 

190 

259 

129 

189 

338 

89 

153 

(237) 

68 

127 

206 

04 

March 

287 

619 

87 

262 

667 

54 

109 

363 

48 

138 

293 

57 

120 

371 

43 

80 

183 

26 

April 

266 

618 

58 

275 

652 

48 

150 

304 

48 

131 

311 

39 

132 

317 

42 

91 

356 

25 

May 

206 

602 

69 

163 

344 

57 

119 

427 

30 

114 

379 

24 

112 

438 

16 

82 

372 

15 

June 

146 

375 

31 

149 

298 

34 

92 

(299) 

22 

121 

256 

26 

109 

412 

19 

71 

170 

12 

July 

188 

622 

47 

175 

460 

44 

128 

463 

32 

95 

321 

25 

90 

312 

24 

00 

305 

10 

August 

156 

523 

53 

142 

454 

37 

83 

338 

20 

130 

352 

30 

114 

273 

24 

69 

324 

13 

September .... 

168 

442 

29 

163 

440 

23- 

90 

257 

17 

134 

386 

56 

123 

351 

32 

73 

210 

38 

October 

191 

467 

08 

168 

341 

43 

97 

(K.3) 

36 

159 

365 

63 

128 

330 

51 

93 

(172) 

52 

November .... 

247 

462 

113 

175 

471 

76 

130 

231 

79 

209 

361 

90 

170 

338 

71 

149 

308 

71 

December .... 

260 

727 

103 

1B9 

434 

68 

182 

361 

89 


— 

— 

— 

— 

— 

— 


Mean 

224 



198 



131 



150 



129 
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Table LXII. — Ratio (Absolute Range)/(Ineqiiality Range). 


Month. 

1911. 

1912. 

Mean of 
Means. 

E' 

S' 

V 

Moan. 

E' 

S' 

V 

Moan. 

January... 





2*15 

1-96 

2-0] 

2-04 

2-04 

February 

2-13 

2-06 

2-38 

2-19 

2-33 

1-84 

1-82 

2-00 

2-10 

March 

2-35 

2-21 

2-82 

2-46 

2-08 

2-08 

2-16 

2-11 

2-28 

April 

2-45 

2*07 

2-53 

2-35 

2*24 

2-63 

2-41 

2-43 

2-39 

May 

2-86 

2-11 

3-03 

2-66 

2-73 

2-35 

2-55 

2-64 

2-60 

Jane 

2-46 

2-48 

2-41 

2-45 

2-93 

3-00 

2-47 

2-80 

2-63 

July 

3-06 

2-68 

2-73 

2-79 

2*57 

2-59 

2-94 

2-70 

2-74 

August 

2-27 

2-38 

2-33 

2-33 

2-46 

2-49 

2-71 

2-55 

2-44 

September 

2-12 

2-24 

2-04 

2-13 

1-99 

2*18 

2-24 

2-14 

2-14 

October 

2-07 

2-10 

2-05 

2-07 

2*10 

2-19 

2-09 

2-13 

2-10 

November 

1-98 

1-86 

2-08 . 

1-97 

2-16 

2-17 

2-16 

2-16 

2-07 

December 

2-78 

1-91 

2'21 

2-30 

— 




2-30 

Mean 

2-41 

2-19 

2*42 

2-34 

2-34 

2-32 

2*32 

2-33 

! 
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Table LXIII — E' Ranges. Number of Days when Range between Limits stated, 


Month or 
Season. 

0 to 60 y. 

50 7 to lOOy. 

IOO 7 to I 5 O 7 . 

I 6 O 7 2 OO 7 . 

200 7 to 25 O 7 . j 

26 O 7 to 6 OO 7 . 

Above 600 7 . 

1911. 

oi 

iH 

O 

r-C 

2 

Years. 

*IT6T 

oi 

pH 

r-H 

2 

Years. 

1911. 

C4 

fH 

0 

g 

iH 

iH 

M 

O) 

pH 

(M 

f-H 

o> 

r-H 

S 

g 

1911. 

1 

1912. 

2 

Years. 

1911. 

1912. 

2 

Years. 

1911. 

1912. 

2 

Years. 

January (30) 


0 

0 


0 

0 


G 

6 

_ 

8 

8 


5 

5 


10 

10 


1 

1 

February (44) 

0 

0 

0 

0 

1 

1 

0 

8 

8 

1 

5 

6 

2 

5 

7 

16 

4 

19 

3 

0 

3 

March (59) 

0 

0 

0 

2 

1) 

11 

3 

7 

10 

1 

10 

11 

6 

1 

7 

18 

1 

19 

1 

0 

1 

April (56) 

0 

2 

2 

2 

12 

14 

1 

G 

7 

6 

4 

10 

7 

3 

10 

8 

3 

11 

2 

0 

2 

May (61) 

0 

8 

8 

4 

10 

14 

9 

5 

14 

3 

3 

0 

6 

1 

7 

8 

3 

11 

1 

0 

1 

June (55) 

5 

5 

10 

4 

11 

15 

6 

2 

8 

7 

3 

10 

2 

4 

6 

3 

3 

6 

0 

0 

0 

July (60) 

1 

9 

10 

7 

S 

15 

7 

9 

16 

3 

1 

4 

6 

1 

7 

0 

1 

7 

1 

0 

1 

Auguflt (60) 

0 

4 

4 

12 

10 

22 

6 

9 

15 

5 

0 

5 

4 

2 

6 

3 

4 

7 

1 

0 

1 

September (55) 

1 

0 

1 

4 

11 

15 

10 

9 

19 

5 

6 

H 

0 

2 

2 

5 

2 

7 

0 

0 

0 

October (56) 

0 

0 

0 

2 

5 

7 

9 

9 

18 

8 

4 

12 

6 

3 

9 

(> 

3 

9 

0 

0 

0 

November (40) .... 

0 

0 

0 

0 

1 

1 

4 

1 

5 

7 

2 

9 

7 

4 

11 

12 

2 

14 

0 

0 

0 

December (31) 

0 

— 

0 

0 

— 

0 

4 

— 

4 

7 


7 

7 

— 

7 

12 


12 

1 

— 

1 

Year (606) 

7 

28 

35 

37 

78 

115 

59 

71 

130 

53 

46 

90 

63 

31 

84 

96 

36 

132 

10 

1 

11 

Winter (236) 

6 

26 

32 

27 

30 

66 

28 

25 

53 

18 

7 

25 

18 

8 

26 

20 

n 

31 

3 

0 

3 

Equinox (225) 

1 

2 

3 

10 

37 

47 

23 

31 

54 

20 

24 

44 

19 

9 

28 

37 

9 

46 

3 

0 

3 

Summer (145) 

0 

0 

0 

0 

2 

2 

8 

15 

23 

15 

15 

30 

16 

14 

30 

30 

16 

56 

4 

1 

5 


Table LXIV.-— fS' Ranges. Number of Days when H.ange between Limits stated. 



0 to C)0y. 

f)0y to lOOy. 

lOOy to 160y. 

150 y bo 200 y. 

2007 to 2507. 

2507 ^0 5 OO 7 . 

Above 500 7 . 























Season. 






e 



1 



C 



i 








pH 

pH 


g 

pH 


Cl g 

pH 

pH 

Kmt 


pH 

pH 

pH 

g 

pH 

pH 

oi 

pH 

g 

IH 

rH 

0\ 

pH 

g 

i-H 

2 

Cil g 

kli 


pH 



pH 

pH 


O) 



rH 



pH 

pH 

iX 

pH 

f-i 

)X 

pH 

pH 

pH 

January (30) 


0 

0 


3 

3 


12 

12 


8 

8 


4 

4 


3 

3 


0 

0 

February (44) 

0 

0 

0 

0 

4 

4 

0 

8 

8 

2 

6 

8 

4 

5 

0 

12 

0 

12 

3 

0 

3 

March (58) 

0 

1 

1 

4 

10 

14 

2 

10 

12 

4 

3 

7 

5 

1 

6 

14 

2 

16 

2 

0 

2 

April (6fi) 

1 

X 

2 

1 

15 

IG 

3 

5 

8 

4 

1 

5 

4 

3 

7 

12 

5 

17 

1 

0 

1 

May (61) 

0 

6 

6 

10 

13 

23 

4 

5 

9 

7 

3 

10 

5 

0 

5 

5 

3 

8 

0 

0 

0 

Juno (52) 

4 

5 

9 

4 

0 

13 

6 

7 

13 

5 

3 

8 

3 

1 

4 

4 

1 

5 

0 

0 

0 

July (60) 

3 

« 

11 

6 

10 

16 

5 

8 

13 

9 

2 

11 

4 

0 

4 

6 

1 

6 

0 

0 

0 

August (60) 

4 

4 

8 

7 

11 

18 

8 

9 

17 

8 

1 

9 

1 

2 

3 

3 

2 

5 

0 

0 

0 

September (56) .... 

1 

2 

3 

7 

11 

18 

0 

9 

16 

G 

4 

10 

2 

1 

3 

3 

3 

6 

0 

0 

0 

October (64) 

1 

0 

1 

7 

8 

15 

7 

10 

17 

10 

3 

13 

3 

1 

4 

3 

1 

4 

0 

0 

0 

November (40) .... 

0 

0 

0 

6 

2 

8 

9 

2 

11 

7 

2 

9 

3 

3 

6 

5 

1 

6 

0 

0 

0 

December (31) 

0 

— 

0 

4 

— 

4 

9 

— 

9 

9 

— • 

9 

3 

— 

3 

5 


6 

0 

— 

0 

Year (801) 

14 

27 

41 

55 

90 

161 

69 

85 

144 

71 

36 

107 

37 

21 

58 

72 

22 

94 

0 

0 

6 

Winter (233) 

11 

23 

34 

26 

43 

69 

23 

29 

52 

29 

9 

38 

13 

3 

16 

17 

7 

24 

0 

0 

0 

Equinox (223) 

3 

4 

7 

19 

44 

63 

18 

34 

52 

24 

11 

36 

14 

6 

20 

32 

11 

43 

3 

0 

3 

Stimmer (146) 

0 

0 

0 

10 

9 

19 

18 

22 

40 

IB 

16 

34 

10 

12 

22 

23 

4 

27 

3 

0 

3 
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Table LXV. — Ranges. Ntmiber of Days when Range between Limits stated. 


Month or 
Season. 

0 to 6 O 7 . 

5 O 7 to IOO 7 . 

lOOytolSOy. 

160y to 2 OO 7 . 

2 OO 7 to 25 O 7 . 

25 O 7 to 6 OO 7 '. 

Above 5 OO 7 . 

1911. 

(N 

pH 

os 

3 years. 

1911. 

1912. 

2 years. 

1911. 

1912. 

2 years. 

1911. 

1912. 

2 years. 

1911. 

1912. 

2 years. 

1911. 

1912. 

2 years. 

1911 

1912. 

2 years. 

January (30) 

_ 

0 

0 

_ 

5 

6 

_ 

13 

13 


8 

8 


4 

4 

_ 

0 

0 

_ 

0 

0 

February (45) 

0 

0 

0 

0 

5 

6 

5 

11 

16 

10 

6 

16 

3 

1 

4 

4 

0 

4 

0 

0 

0 

March (59) 

3 

4 

7 

4 

17 

21 

8 

4 

12 

7 

3 

10 

3 

0 

3 

6 

0 

6 

0 

0 

0 

April (56) 

1 

6 

7 

8 

16 

24 

7 

4 

11 

5 

3 

8 

0 

0 

0 

5 

1 

6 

0 

0 

0 

May (61) 

9 

17 

26 

6 

6 

12 

10 

3 

13 

1 

1 

2 

3 

0 

3 

2 

3 

6 

0 

0 

0 

June ( 66 ) 

7 

14 

21 

10 

7 

17 

4 

4 

8 

4 

3 

7 

1 

0 

1 

1 

0 

1 

0 

0 

0 

July (59) 

7 

16 

22 

8 

9 

17 

7 

4 

11 

3 

0 

3 

0 

0 

0 

5 

1 

6 

0 

0 

0 

August (60) 

9 

13 

22 

16 

13 

29 

4 

2 

6 

1 

0 

1 

0 

0 

0 

1 

1 

2 

0 

0 

0 

September (54) .... 

6 

7 

13 

11 

19 

30 

3 

3 

6 

1 

0 

1 

2 

1 

3 

1 

0 

1 

0 

0 

0 

October (62) 

2 

0 

2 

14 

17 

31 

12 

6 

18 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ISrovember (39) .... 

0 

0 

0 

4 

3 

7 

17 

4 

21 

4 

1 

5 

4 

0 

4 

0 

2 

2 

0 

0 

0 

December (31) .... 

0 

— 

0 

4 

— 

4 

6 

— 

6 

12 

— 

12 

4 

— 

4 

5 

— 

5 

0 

— 

0 

Year (601) 

44 

76 

120 

85 

117 

202 

83 

58 

141 

48 

26 

74 

20 

6 

26 

30 

8 

38 

0 

0 

0 

Winter (236) 

32 

59 

91 

40 

36 

75 

25 

13 

38 

9 

4 

13 

4 

0 

4 

9 

5 

14 

0 

0 

0 

Dqumox( 221 ) 

12 

17 

29 

37 

69 

106 

30 

17 

47 

13 

7 

20 

5 

1 

6 

12 

1 

13 

0 

0 

0 

Summer (146) 

0 

0 

0 

8 

13 

21 

28 

28 

66 

26 

15 

41 

11 

5 

16 

9 

2 

11 

0 

0 

0 


126 



Table LXVI. — Incidence of Daily Maxima in E' (Time of 180 ^ E). 


Days! 

used. 

! 

r-l rHCO»-(r'f-4 

CMCOC^1CO<MCOCOCN1COCOCO 

OeOQOOO OOc33>OJO-rH O 

CODlCNCCCOCNC^IIMirOCN r-H 
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Table LXVII. — ^Incidence of Daily Mmima in E' (Time of 180 “ E). 
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Table LXIX. — Incidence of Daily Minima in S' (Time of 180 ° E). 


Days 

used. 

1— <iHCOr- ICO p— ( pHlCr-lOi— • 
OICO (NCOtNCOCOCMCO COCO 

OCOI-OOCOOSOS OCOO 
eoddcococidci cociph 

pH CO CO l£3 

O CO Cl 

CO (N Cl iH 

Cj? 

M 

N 

<M CO C- 0^ CO CO p-H Tfl CM N 

Cl CO Cl I> »0 Cl CO t> pH o 

Cl (O 1£5 iH 
t'" M CO iH 

CO 

N 

(N 

OrHpHCOTt^OTttCOCMCMfH 

rHpH-sH'^PHClCOTtlHM-H 

US pH OO O 
rtl (M pH 

CN 

? 

H 

(M 

CM(NpH>O'^(MCD'^C0-^p-I 

00<M Tj<<HClUOCl'i!j<rHrH 

CO r- i-foo 

US (M Cl 

iH 

7 

§ 

OOi— ICO p-CpHtJIOOOO 

OOOihtHiHOpHCIOO 

Oi lO ^<*4 O 

rH rH 

0 

Cf 

01 
iH 

OOOOcNp-hOOOOO 

OOOOClOOOiHOO 

CO lO pH O 

a 

'T 

00 

r-l 

ooooooooooc 

ooooo OOOOO o 

o o o o 

oo 

'T 

iH 

ooooooooooo 

OOOOO ooooo o 

o o o o 

1> 

<0 

rH 

ooooooooooo 

ooooo IHOOOO o 

1 — 1 pH o o 

CO 

'T 

10 

ooooooooooo 

ooooo OOOOO o 

o o o o 

»0 

ooooooooooo 

ooooooooooo 

o o o o 

r-l 




CO 

fH 

ooooooooooo 

OOOOOOOOOOO 

o o o o 

CO 

(M 

1—1 

oooooo ooooo 

ooooooooooo 

o o o o 

IM 

r-< 

1 

OOOOOOOOfHOO 

OOOOOOOOOOO 

pH O -H O 


ooooooooooo 

ooooooooooo 

o o o o 

1-4 




O 

1 

05 

OOOOOOOOOOO 

CIOOOO^O OOpHO 

H PH 01 

? 

00 

OOOOOOOOOOC^ 

CICOphOOOh OOO^ 

pH pH iH 05 

7-8 

M pHOOOOOh WCO^ 

»OCO-hOOOO OpHpHO 

O t-r 

Cl H 

2 

C? CO O O -H pH O CO M t- 

CO pH o Cl 1 — t o pH rH Csl CO 

Cl CO 01 

Th pH Ol 

>o 

CO-HOiH(MCO<HCOCOeOCQ 

pHIMCOpHCOOC: rHCOCQpH 

Tti r- CO 

^ rH p-s 

4-5 

O O tH (TT r- pH H <M CO rfl 

■rJlCOiHdCIOCO CIOCIO 

oo Cl Cl -pH 

riH Cl pH H 

1 

CO 

Cl ’«i< pH Jf3 CO (M Ol 'Cf^ CO CO Cl 

(MHphOCHOh Tfirt<COO 

rH rjl o O 

ICO Cl Cl H 

2-3 

lOCOiH<rilrHCO*rJ<CO<M«OCO 

CO M 00 1C H pH o 'PjH pH Cl O 

r*l US 00 

CO (M Cl PI 

pH 

<M •Tii CO Cl d cc Cl H (M O 

'"iiH pH (M CO H ei (M Cl o Cl rH 

lO CO 05 O 

^ pH pH pH 

0-1 

O »0'<t(HO|pi:t<C0TH CIrHiH 

OpHpHCOOCOOI rjliococd 

Cl O t'- US 

CD OS Cl 

Hour. 

1911. 

I'obmxary 

March 

April 

May 

June 

July 

Augimi 

September .... 
October 
Hovember .... 

December .... 

1912. 

January 

February 

March 

April 

May .... 

June 

July 

August 

September .... 
October 
November .... 

Months. 

AU 

Winter 

Equinoctial .... 
Summer 


130 




Table LXX. — Incidence of Daily Maxima in V (Time of 180° E). 
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Table LXXI. — Incidence of Daily Minima in V (Time of 180 ° E). 
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Table LXXII. — Frequency of Max. — Min. and Inequality Data a,3 Perceiitagea. 
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CHAPTEE VII. 


MAGNETIC “CHARACTER.” ITS ANNUAL AND DIURNAL VARIATION. 

THE “ 27-DAY PERIOD.” 

Section 36. — ^Reference has already been made to the magnetic " character ” of 
days and to the international scheme which supplies an annual table of “ character ” 
figures for individual days. In this international scheme “ day ” means a 24-hour 
period commencing at Greenwich midnight. It is of course equally easy to attach 
“ character ” figures at a station whatever hour one chooses to commence the day with, 
and as the day of 180® B had been used in the original curve measurements, “ character ” 
figures 0, 1, 2 were in the first instance assigned to the Antarctic curves for these days. 
The results appear in Table LXXIII, p. 145. The letter i indicates that the record for 
the day was sensibly defective and the “ character ” figure in consequence somewhat 
uncertain. A few hours’ trace may suffice to put beyond a doubt the fact that the day 
must be given a 2. Generally it is only on comparatively quiet days that loss of trace 
introduces sensible doubt. It is not unlikely that several of the days marked 1 i would 
have got 2’s if the record had been complete. In some days of course the deficiency of 
trace was such that no “ character ” figure could satisfactorily be assigned. The 
provisional figures assigned to incomplete days were accepted equally with those assigned 
to complete days when calculating the monthly mean “ character ” figures in the last line 
of Table LXXIII. These monthly means are greatest for the midsummer and least for 
the midwinter months. The difference between these two seasons is certainly not 
exaggerated in the table. One of the principal objects in assigning “character” 
figures is to discriminate between the days of the same month. The disturbance 
which leads to 1 being given to a day in a highly disturbed month like February, 1911, 
might very likely lead to the award of a 2 in a quiet month, lil<e July, 1912. 

The tendency for days of like “ character ” to occur in groups is a common phe- 
nomenon everywhere. The times of most continuous large disturbance in the Antarctic 
during 1911 were the beginning of February, March 20-29, April 17-22, August 24-28, 
September 16-23, October 17-21, November 13-17 and December 17-21. On the whole, 
1912 was a much quieter year ; but there was a marked recrudescence of disturbance in 
October and November, the full extent of which it was somewhat difficult to judge 
owing to interruptions of trace. 

The longest sequences of days of ‘^‘character” 0 occurred in 1912, and included 
March 17-20, April 23-26, May 21-25, June 18-22, and July 10-15. 

For the reason already indicated, days which in a more highly disturbed ye'ar like 
1911 get a 0 or a 1 are not unlilrely in a less disturbed year like 1912 to get a 1 or a 2, 
Thus the tendency in “ character ” figures is to make the differences between years appear 
less than they actually are. 
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Section 37.— The “ character ” figures in Table LXXIII were assigned during an 
earl 7 stage of the work. Later the idea suggested itself, partly in. connection with the 
diurnal inequalities, of also assigning “ character ” figures to days starting at Greenwich, 
midnight. The two sets of “character” figures were assigned quite independently, a 
considerable interval of time intervening. Table LXXIV, p. 1 46 , contains the later set of 
figures, and includes within parentheses, for comparison, the corresponding international 
figures given in the De Bilt lists. As in Table LXXIII, i indicates that the records for 
the day were sufficiently incomplete to render the result a little doubtful. 

It is hardly necessary to explain that the international lists were not consulted until 
all the Antarctic figures had been assigned. The international figures represent the 
arithmetic means of the figures assigned at the numerous observatories which support 
the international scheme. A point to be duly remembered is that the majority of these 
stations lie to the north of the tropics, and that only two or three are situated south of 
the equator. Thus we should not expect much parallelism between the two sets of figures 
unless a somewhat close connection exists between disturbance in NTorthern and in 
extreme Southern latitudes. A general inspection suffices to show that the parallelism 
is in reality pretty close, but there are a few days of considerable Antarctic disturbance 
when the international figure is low. A few hours of largo disturhance suffiLce for the 
award of a 2, and as will be seen later, when dealing with individual disturbances, some 
short period disturbances appeared in the Antarctic of which there was little or no trace 
elaewliere. There is, however, hardly an instance of considerable disturbance occurring 
elsowlierc on wliut was u quiet day in the Antarctic. August 0, 1912,, appears an 
excjeption to this rule, because the “ character ’’ figure assigned to the Antarctic curves 
is only 1 , while the international figure 1 • 7 represents a very disturbed day indeed. As 
a matter of fact, a large number of hours’ trace was lacjking in. the Antarctic, and any 
award was perhaps hardly warranted. 

It will be observed that the periods in March, April, August, September, October 
and November, 1011, which were selected for mention as particularly disturbed on the 
strength of the Antarctic “ character ” figures in Table LXXIII, are periods which show 
in Table LXXIV a sequence of high international “ character” figures. The 
international figures for the beginning of February, 1911, are less prominent while still 
substantial, but those for December 17-22, 1911 — the last mentioned disturbed period 
in the Antarctic — are rather below than above the mean for that month. There is, as we 
shall see presently, less parallelism between the disturbance in the Antarctic and in 
Europe during the Antarctic midsummer — ie., the European midwinter— -than at 
other seasons. This is not very surprising when we renaenaber that midwinter is 
magnetically the quietest season in both hemispheres. 

The sequence of days of character 0 in 1912 mentioned when discussing Table 
LXXIII are, it will be seen, all times of low international “ character ” figures. 

The award of international “character” figiures to the 114 Greenwich, days to 
which, as Table LXXIV shows, “ character ” 0 was assigned, in the Antarctic had been 
as follows: — 0-0, 28 times; 0-1, 50 times ; 0*2, 17 times; 0-3, 14 times; 0*6 once 



and 0‘6, 4 times. Thus ou 83 per cent, of the days, when the Antarctic curves were 
adjudged “ character ” 0, the international figure did not exceed 0 • 1, and in 96 per cent, 
of the days it did not exceed 0-3 ; and 0'3, it will be remembered, is equivalent to 0 
being the figure assigned at fully two-thirds of the stations which co-operate with 
De Bilt. 

Section 38. — Table LXXV, p. 147, contains further evidence on this point. It gives 
the dates of the five days of largest international character ” figure and of the five 
international quiet days of each month, with the corresponding Antarctic “ character ” 
figures. A “ — ” indicates that owing to deficiency of trace no Antarctic figure was 
assigned ; this happened on three of the highly disturbed and fom of the quiet days. 
Of the 107 international disturbed days to which Antarctic ” character ” figures were 
allotted, no single one got a 0 and only 22 got a 1. In eight of the eleven months of 1911 
iacluded every one of the international disturbed days got a 2, and 17 of the 22 
international disturbed days which got a 1 came from the quieter year 1912. On 12 of 
these 17 days the international figure fell short of 1. Of the remaining days one had 
a 1 *0 and three I'l. One had 1-7, but this was a day on which several hours’ Antarctic 
trace was missing, which may have prejudiced the award of the Antarctic figure. 

Of the 106 international quiet days to which Antarctic “ character ” figures were 
assigned, 57, or fully the half, got a 0, and only four got a 2. In all four cases the Antarctic 
curve was near the border line between characters 1 and 2, and three of them occurred 
in December, 1911, a month in which “character” 0 was assigned only once and 
“ character ” 2, 16 times. 

Section 39. — Table LXXVI, p. 148, compares the mean of the “ character ” figures 
assigned to the Antarctic curves with the corresponding mean international figures for 
the five disturbed and five quiet days of each month, and for all days of the month. The 
standard, it should be remembered, is very different at different observatories, and at 
none probably was it as high as for the Antarctic figures, otherwise the excess of these 
figures would have been greater than it actually is. As it so happens, in both years, 
the Antarctic mean figures for all and for quiet days are respectively pretty close to the 
international mean figures for disturbed and for all days. 

The reduction of disturbance in 1912 as compared with 1911 experienced in the 
Antarctic is also shown clearly in aU three sets of international figures. 

One rather curious phenomenon in the international data is the close approach to 
constancy in the mean monthly figures from November, 1911, to November, 1912, 
inclusive ; they show no trace of a regular seasonal variation. The Antarctic mean 
monthly figures on the other hand, in 1912 as in 1911, show clearly the marked rise in 
disturbance which undoubtedly presented itself there in the midsummer months. 

It is rather interesting to compare the Antarctic mean monthly figures in Table 
LXXVI with the corresponding figures obtained independently from days of the tirvift of 
180° E. in Table LXXIII. There is absolute agreement in only one month, April, 
1912, but the average numerical difference between the character figures for the same 
month in the two tables is only 0* 06, arid the mean from the whole 22 months is 1 • 126 
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from Tal)le LXXVI and 1-129 from Table LXXIIT. This is certainly a closer 
agreement than the inclefiniteness of the criteria applied would have led us to expect. 

Section 40. — International '‘"character” figures and the "character” figures 
assigned at Kew Observatory alone have alike proved excellent material for the 
elucidation of the " 27-day period ” in magnetic disturbance. It thus seemed desirable 
to ascertain whether the Antarctic “ character” figures would serve the same purpose. 
The results of this investigation appear in Ta'bles LXXVII, LXXVIII and LXXIX, 
pp. 148 and 149. By n is meant a representative day, whether one of the five monthly 
days representing the presence of disturbance, or one of the five international quiet 
days representing the absence of disturbance. For the investigation embodied in 
Table LXX'VII, 1911 supplied 55 days of either type, and 1912 supplied 49. Of these 
104 days, 40 belonged to the winter, 39 to the equinoctial and 25 to the summer months. 

Taking for illustration the 55 representative disturbed days of 1911, the sum of the 
" character ” figures allotted to the Antarctic curves on these days amounted to 106. 
The sum for the 55 days which immediately preceded them, amounting to 76, appears 
in the column headed n — • 1 ; while the sum for the 55 days which innnediatoly followed 
the selected days, viz., 98, fippears in the column headed n -1- 1. The 55 days which 
followed the 5.5 selected days after an interval of 28 days had 90 for the sum of their 
" character ” figures, find this appears in the column headed n -f- 28. Columns w — 2 to 
n -\~ 2 suffice to give a good idea of the “ primary pulse ” of disturbance, and columns 
n -h 25 to n -\- 30 give a c-orrespondingly good idea of the " secondary pulse.” 

Disturbed days often occur in groups. If this were not the case, there would be 
no reason to expect specially liigh values in the c-olumns n — 2, n - 1, n ~\- 1 and n ~\- 2. 
If the position in the group of the more highly disturbed of the days composing it were 
wholly accidental, we should expect closely similar entries in the columns n —1 and 
w -1- 1, and again in the columns n ~ 2 and n 1- 2. Unless the groups of disturbed 
days are very long, we may expect the entries in columns n — 2 and n -[- 2 to show a 
marked dcclirre as compared with those in c()hunn.s n — 1 and n - 1 . To get very 
smootli results wo require the combination of a good many years’ data, and it is possible 
that the unusually asymmetrical character of the primary distmbance pulse in 
Table LXXVII may be wholly accidental. However that nray be, the entries in the 
column n -\- 1 are exceptionally high as compared with those in column n -- 1. This 
may perhaps be the reason why the secondary disturbance pulse in its turn is a little 
asymmetrical. In the results for the two years combined the maximum values fall in 
columns n -t- 27 and n -[•- 28, but the entry in column n 29 is very little behind. 
The secondary pulse is undoubtedly very clearly shown. 

The primary pulse given by the quiet day data is more symmetrical, and the same 
is true of the corresponding secondary pulse. The last six lines of Table LXXVII 
refer to the difference pulses obtained by subtracting quiet day data from corresponding 
disturbed day data. For instance, the sums of the “ character ” figures in the 55 selected 
disturbed days of 1911 and in the 55 selected quiet days of that year were respectively 
106 and 35. The difference of these figures, 71, is accordingly the entry under day n 
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for tke (li:ffereiice pulse. These difference pulses are given for the three seasons as well 
as for the year. The secondary pulse is clearly shown for the separate seasons, though 
the number of days available especially for summer was undesirably small. 

The existence of a secondary pulse with its maximum in the column « -f 27 means 
that the 27th day after a highly disturbed or a specially quiet day has a tendency to 
be of the same type. This peculiarity is shared, but to a minor extent, by days which 
are adjacent to the 27th and 28th days-. The phenomenon is what we should get if 
magnetic storms and specially quiet times both tended to return after an interval of 
about 27 days. The more often the return came off the more prominent would be the 
secondary pulse. 

If storms and quiet times tend to recur, a certain proportion of the selected days 
whether disturbed or quiet would naturally represent the second or third appearance 
of the phenomenon, and we may thus expect the 27-day period to manifest itself when 
we consider days before instead of days after the selected disturbed and quiet days. 
Table LXXYIII shows the realization of this anticipation. 

Selected days from February, 1911 , could obviously not be used for Table LXXVIII 
because January data would have been required for the previous pulse, and equally 
selected days from November and part of October, 1912, could not be used in Table 
LXXVII because the data for columns n -f- 27, &c., would not have been available. 
Still the primary pulses in the two cases were sufficiently alike to make it unnecessary 
to include a primary pulse in Table LXXVIII. The secondary pulse appears as clearly 
in Table LXXVIII as it did in Table LXXVII. Its crest appears on day n — 2C. 

To enable comparison to be readily made between the results for the 27-day period 
derived from the Antarctic character ” figures and those obtained for 1911 and 1912 
from the international “ cliaracter ” figures, the entries in all the columns were expressed 
as percentages of the corresponding entry in column 7i. The results appear in 
Table LXXIX. 

The quantity dealt witli is the excess of tlie sum of the “ character ” figures for the 
disturbed and associated days over the corresponding sum for the quiet and associated 
days. For instance, in the case of the two years combined, the excesses of the disturbed 
day results in columns n — 1, n and n -f 1 of Table LXXVII over the corresponding 
quiet day results are respectively 45, 136 and 93. Now (45/136) X 100 is 33, while 
(93/136) X 100 is 68. Thus 33, lOO and 68 are the entries in columns n — 1, n and « -\- 1 
in Table LXXIX. 

The international “ character ” figures are on the average so much smaller than the 
Antarctic figures that it is only by expressing the results as percentages in the above 
way that we can readily recognise whether the development of the 27-day period in 
the Antarctic is similar to its development elsewhere. So far as two years can justify 
a conclusion, we should infer from Table LXXIX that the development in the Antarctic 
is normal. 

Section 41. — The extension of the “ character ” figure scheme to individual hours 
is a useful idea due to the late Prof. Bidlingmaier, who applied it to one or two years 
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curves at Wilhelmshaven. It is naturally very laborious and this must stand in the 
way of its frequent adoption. It seemed, however, a very appropriate method for 
dealing with the question whether the incidence of distarhance throughout the day- 
presented any outstanding features in the Antarctic. For this purpose it was desirable 
to apply a corresponding treatment to the contemporaneous records of some European 
observatory. Use might have been made of Prof. Bidlingmaier’s own results for 
Wilhelmshaven, hut it might then have been open to doubt whether personal equation 
had not contributed to any differences that might have presented themselves. It thus 
appeared the best course to assign hourly “ character ” figures myself to the Antarctic 
curves and the corresponding Eskdalemuir curves. Kew curves would more naturally 
have appealed to me, but owing to local artificial disturbances they were unsuitable 
for the purpose. 

Hourly “ characters ” suffer from the same sources of uncertainty as daily 
“ characters.” They give no exact numerical measure of disturbance, and as a principal 
object is to discriminate between the different hours in the same day or month, the 
standard is almost certain to be different in seasons when disturbances are large and 
numerous and in seasons when they are few and small. But hourly " character” 
figures are exposed to an additional source of uncertainty, viz., the influence exerted 
on one’s choice by the ordinary diurnal variation. At certain hours of the day the 
diurnal changes arc normally rapid, and the carves show considorable movements. 
At other hours the diurnal variation is almost imperceptible, the curves normally being 
nearly straight lines parallel to the base line. It is much easier in the latter ease to 
appreciate the full extent of disturbance. 

In assigning the “ character ” figure I was guided mainly by the presence or absence 
of irregular oscillations. Changes of a regular character reasonably assignable to the 
regular diurnal variation were disregarded. The Antarctic sheets show the simultaneous 
variation of the three elements, and one’s judgment is determined by the joint impression 
produced at one and the same time by the three traces. Phe time lines extending right 
across the sheet, which Dr. Simpson introduced, facilitated the concentrabiou of one’s 
attention on the individual hour under consideration. The Eskdalemuir curves were 
not BO easily dealt with. There, as at the ordinary European station, T is much less 
disturbed than the components in the horizontal plane. At times, ib is true, Y at 
Eskdalemuir shows very large disturbance, bub when bhis happens the other elements 
are also highly disturbed -though the converse is not equally true. Thus for our 
present purpose the V traces need hardly be considered. The plan adopted was to go 
through the Eskdalemuir N and W sheets quite independently, allotting " character'" 
figures 0, 1, 2 to each. If the figures allotted to ET and W for any particular hour were 
the same, that figure was at once accepted. If the figures differed, the M and Yf traces 
— and occasionally in case of doubt the Y trace also — ^were juxtaposed, and a. decision 
was come to. Of course large disturbance in. a single element was accepted as decisive 
for a 2, but there was a large number of cases in which the choice was very doubtful, 
as between a 2 and a 1, or as between a 1 and a 0. The curves of 22 months at two 
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observatories supply records for over 30,000 hours, aad it was obvious that if the work 
were to be done at aU within a reasonable time, judicial niceties must be foresworn and 
decisions taken promptly. No doubt a certain number of the decisions reached would 
have been upset on careful re-consideration, but the only hour likely to be sensibly 
prejudiced was that in which the photographic sheets were changed. If part of a 
particular hour’s trace is on one sheet, and part on another — a few minutes’ trace being 
necessarily absent— the impression produced by disturbance may differ from what 
it would have been if the trace had existed as an uninterrupted whole. The time of 
changing sheets was much more variable in the Antarctic than at Eskdalemuir, thus 
this special source of uncertainty would be most likely to be felt at the latter station. 

Table LXXX, p . 150, shows for each of the 22 months from February, 1 91 1 , to Novem- 
ber, 1912, the mean of the hourly “ character ” figures awarded to the Antarctic curves. 
The entry under 1 h., for instance, is the mean “ character ” figure allotted in each 
day of the month to the sixty minutes ending 1 h. 0 m., the time being that of 180“ E. 
Long. It seemed desirable to employ the same time as for the tabulated hourly values. 
The mean hourly values from the 11 months of 1911 and the 11 months of 1912 are given 
separately. In the last column we have for each month the mean of the 24-hourly 
mean values. There is no a, p-iori reason to expect any very close similarity between 
these monthly mean character figures and those given in Tables LXXIII and LXXVI 
which are based on whole day character ” figures. One or two highly disturbed 
hours secure a 2 for the day in which they appear, and no higher figure can be awarded 
though the whole 24 hours are equally highly disturbed. Thus two months having 
the same number of days of " character ” 2 might differ widely as to the number of 
hours of character ” 2. Still there is considerable parallelism between the monthly 
means in Tables LXXIII and LXXX. In both the largest character figures appear 
in the summer, and the smallest in the winter months. Also February, 1911, supplies 
the largest, and July, 1912, the smallest figure. 

Each of the two 11-month means in Table LXXX shows a well-marked diurnal 
variation in the “ character ” figure. Both give a maximum in the forenoon at 9 h. 
or 10 h., and a minimum near 24 h. Tliere is no very marked variation in the 
character from 6 p.m. to 3 a.m., and it would require a longer period of years to 
show clearly the exact hour of the minimum. But the rise to the forenoon maximum 
and the decline after it are pretty rapid. There are very sensible irregularities in tlie 
data for individual months, but in most a diurnal variation of the same general 
character as that shown by the 11 -month data is clearly recognisable. 

Table LXXXI, p . 1 5 1 , gives the corresponding data for Eskdalemuir. The standard 
of disturbance applied to the Eskdalemuir ciuves was not nearly so high as that applied 
to the Antarctic curves, yet the monthly mean values for Eskdalemuir average only 
about 60 per cent, of those for the Antarctic. The lowest monthly means in the last 
column of Table LXXXI appear at midwinter, 191 1-12. The relatively large value 
in February, 1911, arises from the fact that February preceded the rapid decline in 
disturbance which set in during 1911. The 11-month means in Table LXXXI show 
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also a decided diurnal variation, but in tliis case it is the minimum which appears in 
the morning, while the maximum occurs in the afternoon. To fix the exact hours of 
maximum and minimum with high precision would xeq^uire data from a considerable 
number of years. The existence of a marked diurnal variation in disturbance is of 
practical importance in connection with the hours of the absolute observations, because 
when the curves are highly disturbed at the time absolute observations are somewhat 
uncertain guides to the base line values. 

Section 42. — A high mean “ character ” figure may result from a prevalence of 
2’s or a scarcity of O’s, or from a combination of both causes. It thus appeared desirable 
to consider separately the incidence of 2’s and O’s. Tables LXXXII and LXXXIII, 
pp. 152 and 153, give for each month the number of occasions when 2’s were awarded at 
eacli of the 24 hours in the Antarctic and at Eskdalenniir. Consider, for instance, the 
results for E’ebruary , 1 9 1 1 , in Table LXXXII. Tlie number of days’ trace available was 26, 
so the largest possible number of 2’s in any single hour of the day was 26. The number 
actually assigned varied from 25 for the hour ending at 10 h. to 5 for the hour ending at 
20 h. The average number was 17-0, or fully 65 per cent, of the possible. Due regard 
must be held to the number of days available. The conrparatively small number of 2’s 
for November, 1912, in Table LXXXII arises from the fact that only nine days’ traces 
wore complete. If there had been 30, the mean number of 2’s would have been greater 
than for any month except February, 1911. The frequency of 2’s is obviously greatest in 
summer and least in winter, just as witli the mean ‘ ‘ character ” figures.* Taking the 
year ns a whole, 20 per cent, of the hours got a 2, hut- the percentage varied from 65 in 
February, 1911, to 7 in July, 1912. The ll-month auras in Table LXXXII show a 
diurnal variation of the same general type as the “ character” figures in Table LXXX, 
but considerably intensified. In both years the maximum frequency of 2’8 appears 
in the hour ending 10 h., and the minimum in the hour ending 20 h., but it would 
rocpiire a hirge number of years to determine the exact position of the minimum with 
(icrtainty. 'Phe figures from 16h. to 5 h. are too irregular for the drawing of conclusions. 
It is obvious that the forenoon hours from 8 a.m. to noon in the Antarctic, especially 
at midsummer, are much more unfavourable for the taking of absolute observations 
than the afternoon hours. The Antarctic observers had thus excellent reasons for 
preferring the latter. 

Table LXXXIII, p. 153, shows in like manner the frequency distribution of 2’s at 
Eskdalemuir. The number of 2’s awarded in the 22 months was 1,302, or 8 *2 per cent, 
of the possible, a much smaller percentage than in the Antarctic, In January and 
February, 1912, little over 2 per cent, of the hours got 2’s. In spite of the comparatively 
small number of 2’s in Table LXXXIII a diurnal variation in their distribution is clearly 
shown in both ll-month sums. As in the case of the Antarctic, it is generally similar 
to the diurnal variation shown by the mean “ character ” figures. It is, however, 
more intensified, and the maximum seems somewhat later in the day. The frequency 
of 2’s during any afternoon hour subsequent to 15 h. is large compared with that of 
any forenoon hour after 6 h. The risk of encountering a highly-disturbed hour during 
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the absolute observations is obviously small if the observations are oouliued to the 
forenoon. The forenoon, however, has certain compensating disadvantages, viz., the 
rapidity of the regular magnetic changes encountered between 8 h. and 12 h., and in 
the case of H observations the rise of temperature. 

Table LXXXIV, p. .154, shows the incidence of “ character ’ ’ 0 throughout the day in 
the Antarctic. The total number of hours awarded a 0 ” during the 22 months 
was 3,644, or 25 per cent, of the possible. There were more O’s than 2’8 in both years, 
the excess being considerable in 1912. As we should naturally expect, the O’s show 
opposite phenomena to the 2’s. They are most numerous in the midwinter months, 
and least numerous at midsummer. In the 11 -month means they show a well-marked 
maximum of frequency towards midnight, and a well-marked minimum about 9h. 
or 10 h. 

Table LXXXV, p. 156, gives the incidence of O’s at Bskdalemuir. The number 
awarded was 7,859, or fully 49 per cent, of the total number of hours. This is fully six 
times the number of 2’s awarded, the preponderance being greater in 1912 than in 1911. 
In January, 1912, 67 per cent, and in December, 1911, fully 73 per cent, of the hours 
got O’s. The two 11-month sums show a well-marked diurnal variation. It is not, 
however, the exact opposite of that shown by the 2’3, the minimum frequency in the O’s 
presenting itself earlier in the afternoon than the maximum in the 2’3. The maximum 
frequency in O’s appears in the forenoon, but the variation shown, especially by the 
figures for 1912, is not very regular. On the mean of the 22 months the maximum 
falls in the hour ending 10 h., but the number in the hour ending at 6 h. is but little 
inferior, and the true nature of the incidence of O’s between 4h. and 10 h. would require 
a longer series of years for its elucidation. 

Section, 43.— A general consideration of Tables LXXX to LXXXV led to the 
conclusion that while the diurnal variations in the “ character ” figures for the Antarctic 
and Eskdalemuir are absolutely dissimilar when regarded as functions of the local 
time, they present a pretty close parallelism when regarded as synchronous phenomena 
determined by G.M.T. To bring out this fact, corresponding data referred to G-.M.T. are 
juxtaposed in Table LXXXVT, p. 156. For this purpose the local time of the Antarctic 
station has been treated as exactly that of 166° E., while it really differs 5^ minutes 
from this time. The table contains three different sets of data. 1° mean “ character ” 
figures ; 2° the number of 2’3 as percentages of their mean, ie., expressed in terms 
of a umt such that the sum of the 24-hourly values amounts to 2,400 ; 3° the number 
of O’s, similarly expressed as percentages of their mean. Taking first the mean 
“ character ” figures we have data for three groups of months and for the year as a 
whole. Considering the data for the whole year, we observe in the Antarctic a prominent 
maximum in the hours ending 21 h. and 22 h., and a not very well marked minimum 
from 8h. to 12 h. At Eskdalemuir neither maximum nor minimum is sharply defined, 
there being a high plateau of values from 15 h. to 1 h., and a valley of low values from 
4h. to 10 h. But in both cases we have the division between high and low values 
showing the same general relation to G-.M.T. Taking a mean between the Antarctic 
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and Bskdalemuir figures we obtain a remarkably regular diurnal variation with the 
maximum in the hours ending at 21 h. and 22 li., and the minimum in the hours ending 
at 9h. and 10 h. The remarkable smoothness of this mean variation must owe some- 
thing to accideirt, but it is so suggestive of a general law that the possibility seems 
worth considering. 

Of the three groups of months the first represents midsummer in the Antarctic 
and midwinter at Eskdalemuir, the last midwinter in the Antarctic and midsummer 
at Eskdalemuir, wlnle the intermediate group includes the equinoctial months at 
both stations. We should naturally expect most similarity in the equinoctial data. 
They do show, as a matter of fact, a close parallelism, being in each case pretty similar 
to the data obtained from the year as a whole. In the four months November to 
February we have also a prominent diurnal variation at both places, but the maximum 
seems to occur some two hours later and the minimum some two hours earher at 
Eskdalemuir than in the Antarctic. Still the variations are so small in the Eskdalemuir 
figures near the hours of maximum and minimum that the difference may be accidental. 
The mean diurnal variation derived from the two stations is again remarkably smooth, 
with a maximum in the hour ending 21 h., and a minimum in the hotir ending 9 h. 
The final group of months. May to August, show a much less pronounced and regular 
diurnal variation, especially in the Antarctic. There is at least a suggestion of a double 
period at both stations. The principal maximum is obviously in the Greenwich 
afternoon, but it occurs apparently some hours earlier at Eskdalemuir than in the 
Antarctic. Whether the secondary maximum between 6 h. and 8 h. is a true one is 
open to doubt, but the fact that it appears at both stations carried some weight. In 
the Antarctic the principal minimum would seem to occur at this season between 10 h, 
and 13 h. At Eskdalemuir it is not clear whether it occurs near 10 h. or near 6h. 

In the second set of figures in Table LXXXVI, showing the incidence of the 2’s, 
the diurnal variation in the data for the whole year is somewhat more conspicuous at 
Eskdalemuir than in the Antarctic. The remarkable depression in the Eskdalemuir 
figures at 10 h., there is some reason to suspect, may partly arise from the interruption 
of trace already referred to. On the whole, the parallelism between the two sets of 
figures is close, and the arithmetic means derived from the two exhibit a very smooth 
diurnal variation, which is more pronounced than that already described in the 
“ character ” figures but of the same general character. Diurnal variations of a closely 
similar kind, but not so regular, are exhibited by the figures at the two stations for the 
season November to February and the equinoctial months. In the months May to 
August the Antarctic figures exhibit a double period, the principal maximum being 
near midnight as at the other seasons, but a secondary maximum appearing near the 
time of the usual minimum. The phenomenon seems due to short disturbances of a 
certain type described in Chapter XI, which show a marked preference for the hours 
6 h.-ll h. G.M.T. 

The last set of figures in Table LXXXVI show the incidence of O's. The data for 
the whole year from the two stations exhibit diurnal variations which, though 
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somewtat irregular, are obviously of the same general character, with a maximum in 
the (Greenwich) forenoon, and a minimum in the afternoon. In this case the diurnal 
variation is most prominent in the Antarctic figures. The diurnal variation shown 
by the arithmetic means of the two sets of figures is only a little less regular than that 
obtained for the 2’s, and is nearly its converse. In the months November to February 
the Antarctic figures show a diurnal variation similar in its general character to that 
exhibited by the data for the whole year, but quite extraordinarily pronoimced. At 
that season in the Antarctic a really quiet hour between 17 h. and 23 h. G.M.T. is an 
extremely rare event. The curves show an almost unbroken succession of irregular 
short-period oscillations. Even in the Antarctic midwinter there is a decided though 
much reduced tendency to short-period oscillations at this time of day, and in the 
equinoctial months it is quite a prominent feature. Thus in the Antarctic O’s are least 
frequent in the late (Glreenwich) evening at all seasons. At Eskdaleinuir in May bo 
August O’s are least frequent at an earlier hour in the afternoon. 

On the whole, there seems a remarkable similarity between the diurnal variation, s 
of disturbance in the Antarctic and at Eskdaleinuir when referred to Greenwich iiieau 
time, especially in the months which constitute midsummer in the Antarctic. Af, 
first sight it may seem absurd to suppose that the diurnal variation of disturb! uicc 
at a particular station can depend on anything but the local time. It must, liowevor, 
be remembered that the magnetic poles do not coincide with the earth’s axis of rotation, 
and that disturbance on the earth might be largely dependent on the position of the 
magnetic poles relative to the sun, especially on the position of that pole whic-h at tlie 
time has the sun above its horizon. The solar hour at a magnetic pole might ho 
determining factor of high importance in regard to di.starl}ancc, and thus the imixiinuni 
of disturbance might be the same, or approximately the .same, at remote stations. 
There is here obviously a field for further enquiry wlien hourly “ cluiracter” dafcii 
become available from a considerable number of stations. 



Table LXXIII. — ^Magnetic “Character” Figures (Days of 180° E). 
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Table LXXV. — Antarctic “ Character ’ ’ Figures on International Disturbed and Quiet 

Days. 
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Table T.XXYT . — ^Eskdalemuir Hourly “ Character ” Figures (Time G.M.T.). 


1 

OHi101COi-H8DOa^COCp'»+j 

oa i> i> CO L-' in «b ica CO 

CO 

CD 

mrHinoacq^oooeq^'^ 

CQH;H'«1I10CDP10E*-C010in 

in 

ID 


ooooooooooo 

6 

OOOOOOOOOOO 

O 

pd 

^■^b-c-eoi>iocoiMr^rH 

ocbooi>i--i'-inuacococo 


iHCMQpCOlOOrHHilOWt* 

COin^CDCOCOCOI>OO^CD 

S 


tH 

cq 

T-^OOOOOOOOOO 

O 

OOOOOOOOOOO 

6 

A 

Hilr'Coor-rHoot'-ocolo 

IN 

rH CO oo o m o m i-^ o p t> 
eocoioi'-incoinootH^co 

CQ 

CO 

i-r 1 ^ oo oa I'' m »o CD CO CO 

l> 

CO 

cq 

t-HOOOOOOOOOO 

O 

OOOOOOOOOOO 

o 

pd 

ooi^coooooOp-HOh'r-^oa 

rHOOOOCOCOCOCOtOOaiOCO 

01 

oocooocorHoggt-opo 

lf3COCOCOI>COPCOOOOt« 

oa 

CM 

t- 

CO 

fN 

rHOOOOOOOOOO 

6 

ooooooooooo 

6 

pd 

rH 

OlQOoaoOI>OOU3COL'*iO^ 



oa 

CD 

(M 

rHOOOOOOOOOO 

o 

ooooooooooo 

O 

pd 

r-OO^cOi-HOOt^rtcqcq 

ooaoaooc'^'OOcoiO'^'THxH 

rH 

iNlNOOO-HlOOOC't'Cqt^ 

cQcomooKt'-cooocoinco 

S 

o 


CO 

0-1 

P-^OOOOOOOOOO 

o 

ooooooooooo 

6 

pd 

oa 

r-i>cooocoiot>cioo<i 

O CO Oi 00 O CO lo L'* CO 

CD 

coppcot^corHcoi>aap 

CM^^t-aaaaQOomm^ 

CD 

CO 

i-H 

-HOOOOrHOOOOO 

O 

OOOOOOOrHOOO 

O 


r- t-- t-- 1- CO CO hH i> CO oa 


OaprHOOO^-t^pCDO 

cM^cooooaootroaocoin 

h- 

00 

ooCico®t^rHaai««cDHiico 

00 

CD 

rH 

pHOOOOrHOOOOO 

6 

OOOOOOOOOOO 

O 

pd 

sassfssstssgg 

CO 

I" 

o5«inooi>QopSat>coin 

Ep 

i-H 

rHOOOOrHOOOOO 

6 

OOOOOOOOOOO 

O 

A 

00 GO 00 rH m (N oa I'r CO 10 tH 

oa 

oiin<Nc$o»>'THt^cooa^ 

cO'ciiinooaaaaaaoapinTH 

rH 

to 


l*r 


oo o*-^or-iooo6o^ 

6 

ooooooooooo 

o 

' ^ 
in 

CO pH CO o i> O Q CO in 
oaoot>rHt^ooo«coineo 

CD 

1" 


s 


OOOrHOrHOOOOO 

O 

ooooooooooo 

o 


COl>t’^Tt!pHOrHOO>OC‘l 

oa 1 *- CD 00 rH CO t** m CO CO 

H 


CO 

CO 


OOOOOpHOOOOO 

6 

ooooooooooo 

6 

pd 

CO 

aa'ptiocicorHinooai^-aa 
oo i'^ 00 m CO i"' m CO CO -*11 oi 

in 

CO 

§S?8£oScoSSBSS 

in 

r— 1 

ooooooooooo 

o 

ooooooooooo 

o 

oi 

PM rH r- rH I- in (?i Cl CO oa 

00 CO CO l'* in CO in CO CO rH 

fH 

CO 

§5SS§Sf3«i8gSS 

CO 

in 

(— 1 

p„p_o.6_p p pp p p p _ 

csa 00 t*' 1 - rH ni I- Cl CO oa 
oo in in CO in CO CO ci 

o 

ooooooooooo 

o 


in 

in 



pH 

ooooooooooo 

.6_ 

ooooooooooo 

,p 

pd 

o 



piHoapcocOPWcotlil;; 

rH(NrH<«i4<NcoeocncnDieo 

oo 

V 

rH 

OOOOOOOOOOO 

p 

O o O O O O O OOP o _ 


pd 



2 S? Is is £2 2B S !2 S3 

>H<MC0PC0'TllC0HfiP''!PCQ 

CO 

oa 

ooooooopop p.. 


oooooooooo o_ 

o 

pd 

rH in p Cl 1 " »n (M CO 00 CO CO 
in 25 m in in in in CO CM iH 


SSSSroSSScoSSiS 


00 

o o o o o o o p p pp__ 

p_ 

ooooooooooo 

o 

pd 

rHcocooopioineoofaqp 

coinincDKain'^oic-qoirH 


S^S^wSrawcSScoi? 

9 


ooooooooooo 

o 

ooooooooooo 

o 

pd 

t'o m O C-l P rH p O 00 cc oa 
inCOUDlOTjil'-^TjICOCQrH 


corHcocninpPiNpincq 

cqo-lCMCO'cH'rfcQio^^eo 

CO 

(O 

ooooooooooo 

6 

ooooooooooo 

o 

pd 

HirHi'-oar'pC‘icooot>cQ 

in CD in CO -Ml ^ T*i CN 1 eo IN 


lO’^OapOaOCDOOCOrHO 

CO cq iH ^ oi ^ I-H in in tJi in 

»> 

CO 


o o CO o o o o op p_p. 

6 

OOOOOOOOOOO 

o 

pd 

rHincoinpcopcorHpco 

CD i> CD 25 lo rt CO ni ^ oi 


oaoocoooat-inrHCopo 

(NcocqindHUcot-rJi-^iQ 



CD o o o o p p p p_p_c^ 


ooooooooooo 

6 

pd 

m in 1 -^ CO 00 in p ^ p 23 
i> CD CD in in in ^ CO ^ CO 



5 

CO 

ooooooooooo 

6 

ooooooooooo 

6 

pd 

caTfii>intinioenini>ca 

i> t-' CD CO CD CO in in >!t< 

s 

incqpcoincoppHeoco^ 

inin^ininin»ooopi>'^ 


w 

ooooooooooo 

6 

ooooooooooo 

6 

pd 

HHi>pinopooopcorH 

rHaoppcoPinin^t>t> 

iH 

> 

pin0QI>C!QCOQ0rH|>C9p 

25inPTHSinioGDODi>p 

s 

rH 

rHOOOOOOOOOO 

6 , 

ooooooooooo 

6 

"S 

1 


1 


i 

'S 

s 

1 

1911. 
February .... 
Maroh 

April 

May 

June 

July 

August 
September 
Ootober .... 
November.... 
December 

1 

rH 

i 

1 

1912. 
January ... 
February 
Marob 

April 

May 

June 

July 

August 
September 
October ... 
November... 

I 

rH 

rH 


K 4 


161 



Table LXXXII. — ^Number of Occurrences of “ Character ” 2 in Antarctic (Time 

of 180“ E). 
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Table LXXXIII.— Number of Occurrences of “ Character ” 2 at Eskdalemuir 

(Time G.M.T.). 
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Table LXXXIV. — ^Number of Occurrences of “ Cbaracter ” 0 in tbe Antarctic 

(Time of 180” E). 
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Table LXXXV. — Number of Occurrences of “ Cbaracter ” 0 at Eskdalemuir 

(Time G.M.T.). 
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. — ^Jiouriy UJiaracter " figures, Antarctic and Bakdalemtur. Variation in Greenwicli Daj. 
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CHAPTEE VIIL 


TEEM HOUES. MAaNETIG “ACTIYITY.” 

Section 44 . — ^Before the expedition set sail a series o£ term hours had been arranged, 
and an appeal issued to observatories at home and abroad to take quick runs of the 
niagnetographs during these hours, and supply copies of the traces obtained for com- 
parison with the corresponding traces to be obtained in the Antarctic. In response to 
tliis appeal, copies — ^in one or two cases apparently originals— of the records obtained 
during some at least of the selected hours were received from the following 
observatories : — 

In Europe : De Bilt, Eskdalemuir, Greenwich, Kew, San Eernftndo, Seddin, 
Stonyhurst, Uccle and Val Joyeux ; in Asia : Alibag and Xulciapang ; in Africa and 
the Indian Ocean : Helwan and Mauritius ; in North America : Agincourt (Toronto), 
Cheltenham (Maryland), Sitka, Tucson and Vieques (Porto Eico) ; and in South 
America : Pilar. Barraclrpore, Dehra Dun, Kodaikanal and Toungoo — observatories 
of the Survey of India — sent instead of curves eye readings, taken at 1 -minute intervals, 
representing the expenditure of a large amount of time and effort. 

The pre-arranged term hours, all specified in Greenwich time, were : — 8 h. to 10 h. 
on May 29 , June 2 , 26 , 30 and July 24 , 28, 1911 ; 17 h. to 19 h. on May 22 , 26 , June 19 , 
23 and July 17 , 21 , 1911 ; 18 h. to 20 h. on November 20 , 24 and December 18 , 22 , 
1911 , as well as January 22 , 26 , 1912 . 

The primary object in view was the study of simultaneous magnetic disturbances 
at different parts of the earth. It was anticipated that the great majority of the term 
hours would prove blanks so far as disturbance was concerned, the chance of any con- 
siderable disturbance happening at ordinary stations at a pre-arranged hour being small. 
Thus a considerable number of term hoius was required to give a reasonable chance 
of success. If the sole object had been to secure a disturbance of any kind, tlie chance 
of success at the stations in ordinary latitudes would have been greater if equinoctial 
months had been selected. But the Expedition of 1902-04 had shown that in May, 
Jime and July there is a tendency for disturbances to occur in the Antarctic having a 
comparatively short duration and an unusual definiteness of character. In 1902-03 
these were especially numerous between 8 h. and 10 h. G.M.T., and the special aim of 
the first set of 12 term hours was to secure a quick ruu record of one of these. Again 
the 1902-03 records had shown that in the Antarctic morning between 17 h. and 19 h. 
G.M.T. there is more than the usual tendency to rapid oscillatory movements, and the 
second set of 12 term hours had these principally in view. It was also hoped that the 
taking of morning and evening records from the same season of the year would afford a 
basis for the comparison of disturbance at different hours of the day. It was Imown 
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that the Antarctic midwinter was much the quietest season in that region, but the 
experience of 1902-03 had shown that disturbance in the Antarctic might reasonably be 
ejqjected at any season, the real difidculty being to hit on it elsewhere. The original list 
included only these 24 term hours, but Dr. Simpson having expressed a desire for some 
near the Antarctic midsummer, the final 12 in November, December and January were 
added. 

The selection of term hours for international magnetic co-operation is not a new 
departure. The practice goes back to the time of Gauss. It was then a necessary 
preliminary to co-operative effort, since eye-readings only were possible. In its present 
shape of quick runs, or photographic records taken with the drum rotating more 
rapidly than usual — ^generally at 12 times the normal rate — it originated, I think, 
with Prof. Eschenhagen at Potsdam. He arranged for two or three quick runs in 
1896, in which a good many observatories participated, and on one of these occasions 
a sensible disturbance occurred. It was this probably which induced those responsible 
for the German Antarctic Expedition of 1902-03 to suggest a number of term hours 
in which the British Expedition of that date agreed to participate. Owing to a 
misunderstanding as to the hours, and a remarkable absence of disturbance, the result 
in 1902-03 was rather a fiasco so far, at least, as the British Expedition was concerned. 
Though the experiment was hardly a success, it constituted a precedent which those 
responsible for the programme of the Expedition of 1911-12 thought it well to follow. 
Considering the general quietness of 1911 and 1912 — a quietness natural in years so 
near sun-spot minimum — ^there was more success in securing disturbances than might 
have been expected, and it is to be hoped that those who undertook the somewhat 
onerous labour which co-operation entailed will feel that their time was not wasted. 
But before any elaborate system of term hours is again selected for international 
co-operation, the whole question should be considered somewhat carefully. Two 
aspects of the case appeal to any one who has discussed term hour data. The first is 
that in quick-run magnetograms with a time scale 12 times as open as usual, but with 
only normal sensitiveness, the gradient shown by the trace during any small disturbance 
is too slight to catch the eye. Movements that would at once arrest attention in the 
ordinary trace are hardly recognisable on mere general inspection in a quick-run trace. 

It is thus difficult to gauge rapidly the general nature of the disturbance. This 
would be feasible only if the opening out of the time scale were accompanied by an 
increase of sensitiveness. Changes of sensitiveness, however, are troublesome. 
Moreover, if a really large disturbance happened to intervene, any large increase of 
sensitiveness would probably lead to loss of trace. The ideal thing would be to have 
at each station records from two magnetographs, one having the normal sensitiveness 
and time scale, the other increased sensitiveness and a more open time scale. The 
one trace would serve for macroscopic, the other for microscopic investigation. 

As matters stand, to base a comparison of disturbance on quick run curves implies 
numerous accurate measurements answering to short intervals of time. If there are a 
number of term hours, and many stations co-operate, the measurement of the curves 
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entails an immense amoimt of labour, and tbe resulting mass of detail may well prove 
overwhelming. In many cases there seems to be a mixture of what is comparatively 
local and of what is of more general incidence in disturbance, and the former part may 
eclipse the latter. Also at some hours of the day — hours depending on local time, and 
so varying with the station — ^the normal diurnal changes are comparable in rapidity 
with minor disturbances. Thus the interpretation of the measurements, however 
carefully made, presents difB.culties. Again full advantage cannot be taken of the 
open time scale unless there is very accurate information as to the time marks on the 
trace. It is only at some stations that the true tune answering to the time marks is 
known, to within a few seconds, and there is reason to fear that in some magnetographs 
when quick run the uniformity in the angular velocity of the drum leaves something 
to be desired. Taldng everything into account, I am inclined to doubt whether 
an extensive programme of term hours can be recommended unless the participating 
stations are specially selected, and a very large amount of time can be devoted to 
the intercomparison of the records. 

In the present case it was very difficult to decide what to do with the records. The 
only practical way of rendering them serviceable to aU for minute investigations would 
have been to reproduce the curves photographically. This would, however, have 
entailed a great amount of space and a large expenditure. In many cases, moreover, 
the object would have been very imperfectly accomplished, owing to uncertainties about 
the time marks. Again, several of the co-operating stations were known to suffer 
sensibly from artificial disturbances, and the appearance of the curves at some of the 
other stations was at least suspicious. It was thus clear that even with a lavish 
expenditure of time, the complete separation of the chaff from the wheat would be very 
problematical. 

The material it was finally decided to publish consists mainly of (i) readings 
of the curves at 6-imnute intervals ; (ii) the apphcation of these readings to a study 
of. “ magnetic activity ” ; (iii) a comparison of the curves for a few occasions when the 
disturbance was especially large. 

It was decided after minute inspection that some of the curves were so affected by 
artificial disturbances that effort had better be concentrated on the others. This applied 
mainly to vertical force curves, but in a few cases to curves of aU. the elements. As the 
mention of names in this connection might give offence, I shall only say that Kew was 
one of the observatories concerned. The absence of vertical force data, it should be 
added, was due in some cases not to artificial disturbance, but to the fact that no V 
curves were received. 

Some stations sent full details as to both base line values and scale values, so that 
absolute values might have been given for them. Other stations, however, sent little 
if any information as to base line values. As a common mode of presenting the results 
was desirable, and the advantage of absolute over relative values was open to some doubt, 
it was decided to give the results as differences. To avoid the use of algebraic si^, 
the lowest value of the element during the two hours was taken as zero. D was regarded 
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as increasing when the north end of the magnet moved to the east, and V as increasing 
when the pull on the north pole towards the earth’s centre was increased. Thus, at 
western European stations the higher tie value under D the smaller was the (westerly) 
decimation. For greater parallelism with the other stations E (not W) was taken at 
one of the elements at Eskdalemuir and Potsdam. In their case, the higher the value 
in the table the lower was the numerical value of the component perpendicular to the 
astronomical meridian. 

The entry in every case under D is not the angular measure but its force eqtiivalent, 
thus enabling all the data to be expressed in terms of a single unit, ly. AU the data for 
a single station are coUeoted together, as the arrangement most economical of space. 
The data appear in pp. 616 to 648, the stations being arranged according to latitude, 
the most northerly coming first. 

The geographical co-ordinates of the stations are given in Table LXXXVII, along 
with the difference between the local time and that of Greenwich. Tn this table the 
stations are arranged according to longitude so as to juxtapose those the local time at 
which differs least. 


Table LXXXVII. — Stations Co-operating in Term Hour Observations. 


Stations witti Westerly Longitude. 

Stations with Fostorly Longitude. 

Station. 

Longitude. 

Time, 

late. 

Latitude. 

Station. 

Longitude. 

Time, 

early. 

Latitude. 


0 

/ 

b. 

rn. 

o 



0 

/ 

h. 

ni. 

0 

/ 

Greenwich 

0 

0 

0 

0 

61 

28 N. 

Lukiapang 

121 

2 

8 

4 

31 

19 N. 

Kew 

0 

19 

0 

1 

51 

28 N. 

Toungoo 

96 

27 

6 

26 

18 

66 N. 

Stonyhurst 

2 

28 

0 

10 

53 

61 N. 

Barrack pore 

88 

22 

6 

63 

22 

46 N. 

JUakdalemuir 

3 

12 

0 

13 

56 

19 N. 

Dohra Dun 

78 

3 

5 

12 

30 

19 N. 

San Fernando 

6 

12 

0 

25 

36 

28 N. 

Kodaikanal 

77 

28 

5 

10 

10 

14 N. 

Pilar 

63 

63 

4 

16 

31 

■40S. 

Alibag 

72 

62 

4 

61 

18 

39 N. 

Vieques 

65 

26 

4 

22 

18 

9N. 

Mauritius 

67 

33 

3 

60 

20 

6S. 

Cheltenham 

76 

60 

6 

7 

38 

44 N. 

Helwan 

31 

21 

2 

6 

29 

62 N. 

Agincourt 

79 

16 

6 

17 

4.3 

47 N. 

Seddin 

13 

1 

0 

62 

62 

17 N. 

Tucson 

no 

60 

7 

23 

32 

16 N. 

De Bilt 

5 

11 

0 

21 

62 

6N. 

Sitka 

135 

20 

9 

1 

67 

3N. 

Uccle 

4 

21 

0 

17 

60 

48 N. 

Honolulu 

168 

4 

10 

32 

21 

19 N. 

Val Joyeux 

2 

1 

0 

8 

48 

49 K 


Section 46. — The application of the results to a study of magnetic *' activity ” was 
not in contemplation when the progi'amme of term hours was arranged. It came about 
in the following way : The international scheme of “ character ” figures for individual 
days, of which De Bilt is the headquarters, has been in operation with marked success 
since 1906. But it has been recognised in various circles, including De BUt itself, that 
there is a somewhat large accidental element in the choice, and that considerable fluctua- 
tions arise in the standard apphed at most stations. It has been felt that a scheme 
having less arbitrariness in its execution might have advantages. A scheme of this kind 
was proposed some years ago by the late Professor Bidhngmaier, based on what he called 
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“ magnetic activity,” and the International Magnetic Buieau issued an invitation to 
several stations, including Kew Observatory, to give the scheme a short preliminary 
trial. The existence of simultaneous records, mostly quick-run, from so large a number 
of stations provided ideal material for putting to the test a method suggested by 
Bidlingmaier for arriving in a comparatively simple way at a measure of one element 
of the “ activity,” the evaluation of which according to the exact formula is a very 
laborious process. When deciding to apply the material to this object, I realised that a 
considerable amount of labour was entailed, but the reality exceeded my anticipations. 
To render the results intelligible, a short explanation is necessary of what Bidlingmaier 
meant by “ magnetic activity.” 

Suppose a, ;8, y to be the rectangular components of magnetic force at any point 
X, y, z, then 

(I/Stt) j j j («“ -h /3' --1- )dx dydz 

is the usual expression for the magnetic energy of the field. If we suppose a, y to 
represent not absolute values of the force components but their departures from some 
standard value, the above integral is one of which Professor Bidlingmaier desired to get 
the mean value throughout the 24 hours. This value he described as the " magnetic 
activity ” for the day. What to take as standard value is a very difficult point, which 
we need not consider at the moment. Let us suppose for simplicity it is the mean 
value for the day. Also let us suppose at any instant between hours n — 1 and n the 
departure of any magnetic element from its mean value for the day to be 

y = y» + v> 

where y„ is the mean value of the departure for the whole hour. Then using t to 
represent one hour, we have 

. nr 

iyn+ v)‘dt = Ty„‘ -{-In, 

Hn-l)r 

. nr 

where L = v*dt. 

•' (% - 1) T 

The mean value of the integral for the whole day is 

(. 24 t 

(I/Stt) (l/24r) y^dt = -f A* ; 

•’ 0 

where 

Ai = (l/8ir) {yj* yzi)j^^, 

■A-2 == (l/8ir) (Ii + . . l2i)/24. 

The contribution of the individual hour to this expression thus consists of two 
parts. One of' these ( 1 / 817 ) 2/n’/24 depends not so much on changes occurring during 
the particular hour as on what takes place during adjacent hours. For instance, on a 
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day ordinarily regarded as perfectly quiet, during the hour containing the daily maximum 
or Tninirirmm we have a large departure from the mean value of the day, and so a large 
value In such a case Ai represents “ activity ” associated -with the force system 
to which the regular diurnal inequality is due. The second term is by no means 
independent of the regular diurnal variation, receiving contributions from it as well 
as from the irregular oscillatory movements usually regarded as disturbance. The 
contribution from the regular diurnal inequality is largest for those hours of the day at 
which the diurnal inequality changes are most rapid, and dxiring these hours it may be 
by no means negligible compared with the contribution from irregular movements unless 
the hoiu is one of very decided disturbance. Again, it must be remembered that the 
amplitude of the regular diurnal inequality is affected, especially in the Antarctic, by 
the presence of disturbance. The value of Ai in short may be very largely influenced 
by the presence of disturbance. Thus it would not be correct to regard the value of T„ 
for a particular hour as an exact measure of the disturbance existing during that hour. 
At the same time it is a quantity which increases very largely with disturbance, and 
in the absence of any exact definition of disturbance it is probably as good a measure 
as we can get, especially when we are comparing the same hour of different days at the 
same station. 

If a suitable mechanical integrator existed by which 1„ could be rapidly measured, 
the time required might not be prohibitive ; but failing this Bidlingmaier attempted to 
see whether a sufficiently satisfactory approximation could not be derived from a con- 
sideration of the hourly range, i.e., the difference between the largest and least values 
of the hour. Ho measured the Wilhelmshaven D and H curves at 6-rainute intervals, 
and plotted the results against the corresponding hourly ranges. From a large number 
of curve measurements he obtained data for the “ activities ” (of the type A^) in a 
number of hours having the same range, and ho concluded that it would be ac.ciira.te 
enough to simply measure the liourly range and assume for tJie corresponding “ activity ” 
the mean of the values he had found. It was suggested to several observatories, , 
including Kew, that a preliminary trial should be made of Bidlingmaier’s scheme, 
accepting his relations between the “ activity ” of type Aj and the hourly range. As, 
however, Bidlingmaier’s numerical relationships between hourly “ activities ” and 
ranges had been based on the results of only one station, it seemed to me that a desirable 
preliminary was to test them by applying them to the term hour curves. It was only 
after the necessary measurements had been made that I noticed that if the relationships 
found by Bidlingmaier were correct, “ activity ” must vary with the sensitiveness 
of the magnetograph. The true “ activity,” if a natural physical quantity, must be 
independent of the sensitiveness of the instrument, and if the results of measurement 
really accorded with Bidlingmaier’s relationships, it would mean that an undesirable 
instrumental element was not eliminated. 

The only relation between the “ activity ” and the range which leaves the 
“ activity ” independent of the sensitiveness is the parabolic, the “ activity ” being 
proportional to the square of the range. 
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Tlie term-hour curves, as already stated, were measured at 6-mmute intervals. 
This gives for the hour thirteen ordinates >/o) Vi - • ■ Viz- ^’he quantity 

ihW + »/ia“) + Vi^ -\- . • -1- »7n®} /12, written for brevity (1/12) 

f ^ 

was taken as tlie equivalent of (1/r) //“cfo, where t represents one hour. The relation 

•0 

suggested above by theoretical considerations 

(1/12)S»/® = C£* (17), 

where R is the hourly range and C) a constant, was on the whole in good accordance with 
the observational results at stations outside, the Antarctic, when a mean was taken 
from a large number of “ activities.” The values obtained for the constant 0 were 
practically the same for declination, liorizontal force and vertical force, the mean 
obtained in the several investigations varying from 0*092 to 0*098. Thus if we had 
accepted R®/100 as the equivalent of (1/12 );Sj/’* we should have obtained, when a large 
number of hours were included, nearly the same result as if we had actually measured 
the curves and done the arithmetical operations indicated by the summation. Supposing 
only two measurements necessary for the determination of R, the economy of effort 
would be etiormous. 

When, however, we look closely into the matter the results are less satisfactory. 
I’he values assigned to R were really derived from the 5-minute measurements, but 
the range thus found will only sometimes accord with the true range for the hour, and 
in the case of some disturbed curves it may be a good deal less. If the element is rising 
or falling continuously throughout the hour, j?o and tjiz must be the extreme ordinates, 
and f]ii the exact range. But even in quiet days, there are at least two turning 
points, and more often four in the course of the 24 hours, and the coincidence of a 
turning point with one of the points of measurement would be pure accident. 
During disturbed times the exact coincidence of the extreme ordinates with any 
of the 5-minute ordinates must be rare in any hour. Tt is true that as a rule 
the inferiority of what we may call the 5-minute range to the true hourly range will 
be small, but occasionally it will be very considerable. As the true " activity ” is 
calculated from the 5-rainute measurements, it is obvious a priori that a tmiform relation 
is much more probable Ijetween the “ activity ” and the 5-minute range, than between 
the “ activity ” and the absolute hourly range. Why, it may be asked, was the latter 
range not measured, as it must have been it which Bidlingmaier contemplated using, 
otherwise there would have been no real economy in the use of his " activity ” range 
relationships. If we had to take 6 or 6-minute measurements to obtain R, the use of 
his relationships would be no economy at all, so far as measurements are concerned. 

The answer to the query is that as a matter of fact the ranges which Bidlingmaier 
used in establishing his relationships were derived from 6-minute measurements, and the 
only way to put his conclusions to a fair test was to employ ranges similarly obtained. 
Very probably he may have believed that in the great majority of oases the difference 
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between the 6-minute range (and etill more the 5-minute range) and the absolute hourly 
range would be so small that any relationship established for the former could be 
applied with sufficient accuracy to the latter. When I commenced the investigation 
I did not realise the extent to which the 6-mmute range ajid the absolute range were 
likely to differ during really disturbed hours. It was only after comparing the two sets 
of ranges for the Antarctic curves that the importance of the difference came home to 
me. On the other hand, it was immediately patent that during really quiet times at 
some stations it was practically impossible to recognise in the quick run curves exactly 
where the maxima and minima ordinates fell. In such cases the repeated trials necessary 
to an assurance that we had got the true absolute range took more time than the 
5-minute measurements. To have obtained hourly ranges in both ways would thus have 
added immensely to the labour. 

A more important objection to the use of the relation (17) is that while at the 
ordinary station it applies with very considerable accuracy to the mean of a large 
number of hours having the same R, the values actually found for (1/12 )Sj/* in 
individual cases differed enormously. For the same value of R, in the same element, 
at the same station, one got in a good many cases measured values of .(l/12)S»/‘^ standing 
to one another in the ratio of 2 : 1 ; and ratios of 3 : 1, or even 4:1, were occasionally 
met with. The scheme, it is true, contemplated dealing with the 24 hours of the day 
together, and if the “ activity ” calculated from tlic range was too high for some of 
these, it would naturally be too low for other hours. But different hours contribute 
very differently, and on disturbed days the contributions from three or four hoxirs may 
easily exceed aU the rest. Thus it would inevitably happen that the mean value of the 
” activity ” of the type we are considering, if calculated from the hourly ranges, would 
be largely in error in a considerable number of days. 'Phe full discussion of this question 
would, however, take us too far afield. Further information will be found by those, 
who desire it in Terrestrial Magnetism, June, 1917, p. 57, and in Roy. Soc. Proc. A, 
vol. 94, 1918, pp. 536-547. 

Section 46. — What it is proposed to do here is to give particulars of the hourly 
ranges — as given solely by measurements at the 5-minute intervals, except in the case 
of the Antarctic — ^and of the corresponding values of (l/12)Sv‘‘“ as derived from the 
5-minute measurements. The hourly ranges at the co-operating stations appear in 
Tables LXXXVIII to XCIII, pp. 175 to 180, and the values of in Tables 

XCIV to XCIX, pp. 181 to 186. 

The original curve measurements were all made in millimetres. The values of y 
and of the hourly ranges were first expressed in mm., and the values of {l/12)trp in 
mm®. Conversion to ly in the case of the ranges and to (ly)® in case of (l/12)S^y® 
was then made by means of the scale values of the curves. The scale values supplied 
for D gave the angular equivalent of 1 mm., but the force equivalent is immediately 
derivable from the fact that an angular change .dD is equivalent to a change H^lD in 
value of the horizontal force. When only 2 or 3-figure accuracy is wanted in HdD, 
3-figure accuracy in H suffices. 
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The stations, with the exception of the three last in Tables LXXXVIII to XCITI, 
are arranged in order of longitude, proceeding from East to West. This was done with 
a view to juxtaposing stations whose local time differed least, it being the local time 
which determines the phase of tiie regular diurnal variation. 

The blanks in individual hours in the range and “ activity ” tables mean in general 
that no curve was received for the date in question ; in other cases the record was 
incomplete. The reason for putting Greenwich, Kew and San Fernando at the foot of 
Tables LXXXVIII to XCIII, and omitting them from Tables XCIV to XCIX, was 
that while the ranges of the components in the horizontal plane seemed in general 
ascertainable with fair accuracy in spite of artificial disturbance, the same could not 
be said of the “ Activities.” Greenwich suffered decidedly the least of the three. 

In the absence of special disturbance, the range will naturally be largest for those 
hours of the day when the clianges shown by the diurnal inequality are most rapid. 
Ranges for the day hours, i.e., between 6h. and 18 h. L.M.T. will naturally exceed 
those for night hours, unless tlie day maximum or minimum falls within the selected 
hour. Bearing this in mind, a general idea of the relation to be expected between the 
ranges at different stations during quiet times may bo derived from Table LXXXVTI. 

When the term hom’s wore 8 to 10 G.M.T. they fell in the early morning or late 
evening at stations intermediate in longitude to Pilar and Honolulu. Thus small 
ranges would bo anticipated at these stations, especially Pilar where June represents 
midwinter. Also the D ranges at the European stations, where the time fell in the 
forenoon, might be expected to exceed those at the Indian stations where the time fell 
in the afternoon, for the rise to the westerly maximum is a good deal more rapid than 
the subsequent swing to the east. Those anticipations are only partly fulfilled. Pilar, 
Vieques, Tucson and Honolulu, it is true, especially the first and last mentioned, give 
usually decidedly smaller ranges than the European stations ; but on several days 
Agincourt and still more Sitka come well to the front, and the Indian stations do not 
on the whole fall short of the European. Some stations usually stand out from their 
neighbours, Sitlca, Kodaikanal and Stonyhurst in particular. This is not surprising 
in the case of Sitka, for, as we shall see when dealing with magnetic storms, it is a very 
highly disturbed station, immensely more so than Honolulu its next neighbour in the 
tables. On a really quiet day like June 30, ranges at Sitka are as small as elsewhere, 
but on a disturbed day like July 28 it is otherwise. Why Kodaikanal ranges should 
tend to exceed those at Dehra Dun and Alibag is not obvious ; it can hardly arise from 
difierence in local time. Stonyhurst is another puzzling case. The H ranges are 
generally similar to those at Greenwich and Kew and other European stations, but the 
D ranges are very outstanding. There are unfortunately no Eskdalemuir D ranges for 
comparison, biit the Eskdalemuir W ranges are very similar to the D ranges at Kew, 
and from its geographical position one would have expected Stonyhurst D ranges to 
be intermediate between those at Kew and Eskdalemuir. 

It must be remembered that while the curves were read to 0 • 1 mm., accuracy to 
0*1 mm. is hard to secure, even when the traces are sharply defined, and in some cases 
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the definition was anything but sharp. Also the sensitiveness varied much at different 
stations. Thus at Seddin the sensitiveness for each of the three elements lay between 
2'Oy and 2’4y per 1 mm., whereas at Alibag 1 mm. in the D trace was equivalent to 
lly. If we take 0*1 mm. as a hmit to the error of measurement in an ordinate — an 
optimistic view for the best of curves — ^the range being the difference of two ordinates 
must be allowed a limit of error of 0 • 2 mm. Even at Seddin this would represent 0 • 4y 
or 0*6y, and in D at Alibag it would be equivalent to 2'2y. Thus much importance 
should not be attached to apparent small differences between the ranges at neighbouring 
stations. 

Kew and Greenwich are so near together that we should naturally expect corres- 
ponding hourly ranges to be identical to the nearest ly. If there had been no artificial 
disturbance, a comparison of the ranges at the two places would have given an excellent 
idea of the accuracy reasonably attainable. But, under the existing conditions, the 
larger apparent differences may reasonably be ascribed to artificial disturbance. Some 
allowance also should be made for the fact that the instruments in use at the two places 
differed in type and in sensitiveness. 

But for the fact that while D and H are recorded at De Bilt, N and W are recorded 
at Seddin, we should have expected very similar ranges from the two stations. A close 
agreement would also be expected between Uccle and Val Joyeux. 

In the case of the term hours 17 h.-19 h. we should expect on quiet days the 
American stations to have the largest ranges and the Asiatic the least. This, generally 
speaking, was true of both hours on May 22, June 19 and July 21, and of the second hour 
on May 26. The first hour on May 26, and both hours on Jidy 17 were a good deal 
disturbed, and during these hours there were large ranges at the European as well as 
the American stations. 

We should also expect 18h.-20h. G.M.T. to show the largest ranges at American 
stations, and as the season was from November to January, i.e., midsummer in the 
southern hemisphere — we should expect Pilar to be pre-eminent. The Pilar ranges 
are in fact sometimes the largest, and they are decidedly more prominent relatively 
than during the term hours of May, June and July. At the same time, absolutely 
considered, they are never very large, and sometimes they are quite small. The 
Stonyhurst D ranges for hours from 17 h. to 20 h. are less outstanding than those for 
hours 8h. to 10 h. Still the majority of them seem unduly large compared with the 
corresponding ranges at other European stations. 

Section 47. — Tables XCIV to XCIX give the values of (1/12)2??* during all the 
term hours at the co-operating stations. As already explained, the experimental 
relationship obtained between the activity of t 3 rpe As and the range was approximately 

(1/12)2??-^ = R*/10 (17'). 

On comparing corresponding data in Tables XOIV to XCIX, and Tables LXXXVIII 
to XCIII, it will be found that in a considerable proportion of cases the above numerical 
relation is not far from true, but in other cases it is far otherwise. As (1/12)2??* is 
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at best only an approximation to the value ol the theoretical integral, it may appear 
illogical to go to decimals ol (ly)® in the tables. A principal reason for doing so was to 
show how very small A., often is, especially in V. 

The entries under “ D or W for Stonyhurst look even more remarkable than those 
in the range tables. There is no single instance in wliich the Stonyhurst-D entry under 
hours 8-9 and 9-10 is not in excess of that at every other European station, and the 
excess is very large except for the umisually distmbed time 8 h.-9 h. on July 28. Sitka 
alone shown a larger value than Stonyhurst, and that on only two hours out of the 
twelve. 

In the second group of term hours 17 h.-19 h. this great pre-eminence of Stonyhurst 
D values is only sometimes apparent, and usually only in the second hour 18 h.-19 h. 
In the third group of term hours the Stonyhurst-D value for 18h.-19h. is usTially bxit 
little outstanding, whereas it is always outstanding for 19 h.-20 h. l''hero is certainly no 
obvious reason why disturbance at Stonyhurst should be so outstanding as compared 
with that from other European stations, or why the contribution from D to the “ activity ” 
should bear to the contribution from H a ratio altogether different from what obtains 
elsewhere. At the same time, if there were any error in the scale value it should show 
itself invariably and in all hours alike, and it should load to diurnal inequalities differing 
conspicuously from those at other British stations. 

Superficial inspection of the tables discloses that the contribution from V to the 
“ activity ” is usually the least, but it does not show whether D or H iisually oontrihutos 
most. 

Tables C to Oil, pp. 187 to 189, give the combined activities H from the two hoiiz;ontal 
components and the total activity T (of the type Aa) obtained by adding to tliis the 
contribution from V. 

It wiU be seen that the activity ” at Kodaikanal for 8 h.-9 h. and 9 li.-lO h. is 
in general decidedly larger than that at the other Indian stations. But this superiority 
of Kodaikanal does not extend to the hours 17-18, 18-19 or 19-20. 

Section 48. — Tables CIII, CIV and CV, pp. 190 to 192, give mean values of the “ activi- 
ties ” for the several term hours from all the available stations combined. The means Mj 
and Ml' are confined to the “ activities ” from the horizontal components. Mi includes 
every station which had both horizontal components complete. Mi' differs only in 
omitting Stonyhurst. Mg includes only stations which had vertical force as well as 
horizontal force data, and M 2 ' again differs only in omitting Stonyhurst. Even if 
we were certain of the absolute correctness of the Stonyhurst D data, their character 
was so exceptional that a mean from which Stonyhurst data were excluded appeared 
desirable. The number of stations from which the mean is derived is stated in all 
cases. 

Much the largest “ activities ” in Table CIII come from July 28. The contribution 
from the vertical component is in every case the least. It forms as much as 26 per cent, 
of the total activity for Ma' on July 24, 8h.-9h., but only 7 per cent, for 9 h.-lOh. 
of the same day. 



In Table CIV, 18 h.-19 li. of July 17 supplies the largest value, a value considerably 
in excess of the largest in Table CIII. Taking we see that the contribution from 
V to the total varied from 19 per cent, for 17 h.-18 h. of June 19 to less than 4| per cent, 
for 18h.-19h. on July 17. On June 23 there was no Stonyhurst record, so Mi is the 
same as Mi' and M^ as M/. 

In Table CV there is comparatively little difference between the different hours. 
The largest activities appear in 18h.-19h. of December 18 and January 22. On 
January 26 there was no Stonyhurst record for 18 h.-19 h. The “ activities ” in 
Table CV are generally less than those in Tables CIII and CIV. This was to be expected 
because, if we except Pilar and Mauritius, Table CV deals with midwinter, the other 
two tables with midsummer. 

Section 49. — Table CVI,p.l93, gives the term hour ranges in the Antarctic for E', S' 
and V. Two values are given, the first being derived from the 6-minute measurements 
as in the case of the co-operating stations, the second being the absolute hourly range. 

The 6-minute range equals the absolute range 13 times in V, 7 times in S', but 
only 3 times in E'. The difference between the two ranges is not always small. Thus 
on January 22, hour 19-20, in E' the 6-minute range is only 66 per cent, of the absidute 
range, while on November 24, hour 19-20, and on Jime 19, hour 18-19, the O-iriinute 
range in V is only from 68 to 69 per cent, of the absolute range. On January 22, hour 
19-20, the true minimunr in E' occurred two minutes after the previous 6-minuto reading. 
During these two minutes the element fell 69y, rising 68y in the com* 3 e of the next 
three minutes. The fall when quickest was at the exceptional rate of 43y per minute. 

Under such circumstances it would obviously require measurements at intervals 
much shorter than 6 minutes to satisfactorily represent the time integral Aj. 

Whether we take 5-minute ranges or absolute ranges, the V ranges in Table CVI 
are relatively much more important than tliose in Tables LXXXVIII to XCTII. Taking, 
absolute ranges in Table CVI, there is one hour, 18 h,-19 h.,on January 26 when the V 
range is the largest of the three, and eight hours in which it comes second in size, being 
equal to the E' range on one of these occasions. The E' range is the largest in 22 hours, 
and the S' range the largest in 9 hours, the two being equal in one hour on May 22. 
The S' range is absolutely the smallest of the three in seven hours, and the E' range 
in one hour. The E' and V ranges for 8 h.-9 h., June 2, share the lowest place. On 
December 18 the E' ranges in both hours and the S' range in the first hour attain a 
size rarely reached by the daily range in tropical latitudes. At Kew a daily range 
of 200y in H or D occurs on the average only about four times a year, and is very rarely 
encountered in years with as little sunspot development as 1911 and 1912. 

Section 60. — Table CVII, p. 193, gives the values of (1 /12)S j;® in the Antarctic for the 
several term horns. The contributions from E', S' and V are given separately. The 
entry under “H” represents the sum of the contributions from the horizontal 
components E' and S', and the entry xmder “ T ” adds to this the contribution from V. 

The “ activities ” for the first group of term hours, occurring in the Antarctic 
midwinter, are similar in size to the corresponding “activities” elsewhere. In fact 
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the “ activity ’ ’ in the Antarctic for 8 h.-9 h. on June 30 is considerahly below the average. 
The time 8h.-10h. Gr.M.T. is usiially quiet in the Antarctic unless a disturbance of 
the special tjrpe discussed in Cliapter XI comes along. July 28th was an occasion of 
more than usual disturbance, but imfortunately the Antarctic record for 8 h.-9 h. was 
incomplete. The “ activity” for flli.-lOh. on July 28 was much in excess of that 
at any of the co-operating stations except Sitlca, but the Sitka “ activity ” was the 
larger of tlie two, especially in V. As we shall .see later, large V disturbances are 
rather characteristic of Sitka. The Antarctic “activity” was also much above the 
average found for the co-operating stations on both hours of June 2, but the value 
for 8 h.-9 h. was exceeded by that at Sitka. 

The second set of term hours 17 h.-19 h. G.M.T. fell at a more disturbed part of 
the Antarctic day. July 17 was the day of greatest “activity” elsewhere, but un- 
fortunately there was no Antarctic record on that occasion. On June 19, 17 h.-18 h., 
the Antarctic “ activity ” was only a little above the average for other stations, but 
in all the other nine hours for which records were obtained its excess was conspicuous. 

Taking in chronological order the 10 hours for which data exist, the ratio borne 
by the total magnetic “ activity ” in the “ Antarctic ” to the mean activity ” for the 
co-operating stations including Stonyhurst had the following values 4*9, 6-3, 2*8, 15*6, 
1 *2, 3*6, 19*2, 14*9, 35*6 and 13*7. The least value of the ratio was that for 17 h.-lS h. 
on June 19. During tliis hour conditions were generally very quiet, but the “ activity ” 
in the Antarctic was exceeded by that at Cheltenham, Agincourt, Tucson and Honolulu. 
The largest value, 35*6, of the ratio occurred on 17 h.-18 h., July 21. Outside the 
Antarctic that hour was on the whole quiet ; though considerably loss so than 17 h.-18 h. 
June 19 ; but the two hours agreed in showing the greatest “ activity ” at Tucson, 
and on both occasions the “ activity ” was particularly low between the longitudes 
of Barrackpore and Mauritius. In the Antarctic an unusual feature of the hour 17-18, 
July 21, was that the contribution from V largely exceeded that from E'. Elsewhere, 
including Sitka, the contribution from V was generally very small. Except on June 19 
the total “ activity ” in the Antarctic was exceeded only once and at one place, viz. on 
May 26, hour 17-18, at Eskdalemuir. 

The third group of term hours represented midsummer in the Antarctic, but mid- 
winter elsewhere except at Mauritius and Pilar. Thus, during these hours we should 
naturally expect large values for the ratio (Antarctic total “ activity ”) / (mean total 
“ activity ” elsewhere, including Stonyhurst). The values obtained for the ratio are, 
however, simply enormous, being in chronological order 108, 99, 74, 154, 1998, 477, 
188, 216, 178, 262, 110 and 37. The largest value of the ratio, answering to 18 h.-19 h. 
December 18, no doubt represents a distinctly exceptional state of matters ; but the 
choice of the twelve term hours was fortuitous, except that times were chosen near 
new moon with a view to facilitating auroral observations. It is true that in the 
Antarctic disturbance is more prevalent between 17 h. and 19 h. than in most hours 
of the day ; but the same is true of Eskdalemuir, and so presumably of at least the 
European stations. It is thus a natural inference that any estimate of the “ activity ” 
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of changes in the earth’s magnetic field which leaves the polar regions out of account 
is likely to be hopelessly incomplete. 

Section 61. — Table CVIII, p. 194, aims at comparing the values of the “ activity ” for 
the same hour on different days at different parts of the globe. Only the contributions 
from the components in the horizontal plane are considered, except in the case of the 
Antarctic, where the contributions from all three components are given as well. Take 
for illustration 9h.-10h. G.M.T. Eeturns for the six days were complete for four 
European stations (Stonyhurst, De Bilt, Uccle and Val Joyeux), five North American 
stations (Sitka, Agincoiuf;, Cheltenham, Tucson and Vieques), five Indian stations 
(Dehra Dun, Alibag, Barrackpore, Toungoo and Kodaikanal). The mean values of 
(1/12)^/;® from the six hours were 32-67“ for the four European, 19-37“ for the five 
American, 25-37“ for the five Indian, and 21-97“ for the whole 14 stations. On May 29 
the mean values of (l/12)Siy“ were 29-77“ for the European, 4-737“ for the American, 
12 - 77“ for the Indian and 16 - 67“ for all the stations combined. And we have 

{29-7/32-5)100 = 91, (4-7,,/19-3) 100 = 25, and so on. 

In the case of 8li.-9h. and 9h.-10 li. the large size of the European mean value 
is due to the inclusion of Stonyliurst. Tt was unfortunate that owing to failure of 
trace on one day neither fieddin nor Bskdaleinuir data could be utilised. In the case 
of hour 8-9, July 28 was miudi the most disturbed day at the European and Indian 
stations, but in the American group ib was slightly exceeded by June 2. Even in the 
American group the disturbance on Juno 2 was practically confined to Sitka, while that 
on July 28 visibly affected the great majority of stations. The parallelism between 
the European and Indian stations is fairly close, but June 26 was quieter and July 24 
less quiet in Europe than in India. As there was unfortunately no Antarctic record 
during 8 h.-9 h. on July 28, the Antarctic results are based on only five term hours ; 
so corresponding results restricted to the same five hours were also obtained for the 
other stations. Tlie parallelism between the Antarctic results and those from the 
other stations is fairly close. In each case June 2 figures as the most disrtirbed day 
and June 30 as the least disturbed. 

In the case of hour 9-10, July 28 is everywhere the most disturbed day ; but while 
its pre-eminence in the American stations is considerably greater than in the case of 
8 h.-9 h., the reverse is true elsewhere. It is the exceptionally large size of the “ activity ” 
on July 28 at the American stations — especially Sitka — which makes the American 
percentage figures for the other days appear so low compared with those elsewhere. 
In the Antarctic, as elsewhere, July 28 was easily first ; the chief peculiarity was that 
June 2 was much more disturbed than Jrme 26. 

In the case of hour 17-18 Europe is represented by only two stations (Seddin and 
De Bilt), but they show a very good general agreement. There were four North 
American and five Indian stations, as well as three miscellaneous (Honolulu, Mauritius 
and Pilar). The Antarctic record for July 17 was lacking, so only five hours were 
available for it. A second set of values for the same five hours was thus calculated 
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for the several groups of co-operating stations. The hour fell in the early morning at 
the Indian stations, and conditions there were generally very quiet. Except in the 
Antarctic, May 26 was the most disturbed day, July 17 coming next ; while May 22 
and June 19 were consihcuously quiet. 'I'hese last two days were also very quiet in 
the Antarctic ; but there Juno 23 and July 21, especially the latter, were much more 
disturbed than May 26. If we consult Table 01 we find that, with the solitary 
exception of Lukiapang, the “ activity ” whether horizontal or total was invariably 
greater on May 26 than on July 21. The difference between the Antarctic and other 
regions on this occasion is thus unusually conspicuous. It is somewhat suggestive 
that the difference between the Antarctic “ activities ” on the two days is most marked 
in the vertical component. There are various reasons for regarding great “ activity ” 
in the vertical component as an indication that the primary source of disturbance is 
not far from overhead. 

The same stations were available for hour 18-19 as for hour 17-18 in the second 
group of term days. Eecords being again lacking for July 17 in the Antarctic, two 
sets of data had to be prepared for the other stations. The European and American 
figures for the several days are remarkably similar. July 17 is out of all comparison 
the most disturbed day, being followed after a long interval by May 26. Omitting 
Jrdy 17, the figures from the Antarctic and the mean of the other stations agree in 
the order in which the days come. 

In the case of hour 18-19, in the third group of term hours, Europe is represented 
by four stations (Eskdalemuir, Seddin, De Bilt and Uccle), America by only two 
(Cheltenham and Vieques), India by five (Dehra Dun, Barrackporo, Toungoo, Alibag 
and Kodaikanal), and there is one additional station Pilar, making 12 in all. The 
time being midwinter at all the stations except Pilar, “ activities ” naturally rule low. 
The order in which the days come is rather markedly different. The European and 
Indian groups make December 18 the day of largest " activity,” and it is slightly 
above the mean in the American group ; but the European and Indian groups make 
November 20 a day of low “ activity,” while the American group makes it high. In 
the case of January 26 the Indian and American groups agree in making the “ activity ” 
low, while the European group makes it high. In the Antarctic the " activity ” on 
December 18 was enormously greater than on any other day. Talcing the horizontal 
components, the “ activity ” in the Antarctic was 60 times as great on December 18 
as on January 26, whereas in Europe the “ activities ” on the two occasions were 
practically equal. 

For hour 19-20 Stonyhurst was available, bringing the number of European 
stations up to five. The contribution from Stonyhurst unfortunately rather dwarfed 
those from the other four stations. There were still only two American stations, this 
time Sitka and Cheltenham. There were the same five Indian stations, and in addition 
Honolulu and Pilar, making 14 stations in all. The European, Indian and American 
data make January 22 much the most disturbed day, and even in the Antarctic it 
shows conspicuously more “ activity ” than any day except December 18. The 
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comparatively high position taken by December 18 in the case of the mean from the 14 
co-operating stations is mainly due to the large contribution from PUar. The disturbance 
on December 18, though largely local to the Antarctic, would naturally be felt more 
throughout the southern than the northern hemisphere. 

Sedimi 62. — ^Table CIX, p. 195, compares the “ activities ” from the declination and 
horizontal force (West and North components in two eases) derived from all the 
co-operating stations. July 17 was so outstanding that it seemed best to form two 
sets of results, one including the other excluding it. Similarly, the exceptionally large 
D contributions from Stonyhurst made it desirable to give alternative results, one 
excluding Stonyhurst. If we omit the highly-disturbed day July 17, the D contri- 
bution is the larger if we include Stonyhurst ; otherwise the H contribution is larger 
by a small margin. In either case the D and H contributions are of like importance. 
Neither can be omitted without a very serious underestimate of the “ activity.” Also 
on comparing the previous tables — where data for individual hours are given — it is 
obvious that even when we take the same hour of the day the ratio of the D to the H 
contribution at the same station varies too much to admit of any safe inference being 
drawn from the magnitude of the one as to the magnitude of the other. 

Table CX, p. 195, is similar to Table CIX, but includes the vertical as well as the 
horizontal components. It is restricted to stations which supplied all three components, 
which accounts for some apparent inconsistencies with the previous table. The lowest of 
the four estimates makes the contribution from the vertical force one-ninth of that from 
the two horizontal components. Thus the vertical force contribution for the average 
hour at the average station is by no means negligible, and there are individual occasions, 
e.g., both hours of July 28 at Sitka, when the contribution from V is both relatively 
and absolutely considerable. Still it would appear that the omission of the vertical 
component would be unlikely to seriously prejudice the conclusion that would be 
reached as to the “ character ” of the hour or day, if data from a large number of 
stations were considered. 

Section 53 . — Table CXI, p. 195, contrasts the results obtained for the Antarctic 
“ activities ” from the three groups of term hours. In the j&rst group July 28 contributed 
only to the second hour, 9 h.-lO h. In the third group December 1 8 was omitted because 
on that occasion the disturbance was so outstanding it would have swamped the other 
days. Thus a better idea of the average relative importance of V was obtained by 
omitting it. Two sets of general means are given, the first based on all the 33 term 
hours for which records were complete, including the two on December 18, the second 
omitting December 18. In the first group of term hours the contribution from E' is 
the largest, being on the mean of the two hours about 47 per cent, of the total, as 
compared with 38 per cent, from S' and 15 per cent, from V. In the second group 
there is a marked difference between the two hours, the S' contribution being the larger 
in the one, the E' contribution in the other. The contribution from V averages about 
18^ per cent. In the third group the contribution from E' is much the largest in both 
hours, and the contribution from V is about 17 per cent, of the total. The " activity ” 
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was so much, larger during the third group of term hours than during the first two 
that the third group is largely dominant in the two final means. If we omit December 18 
we find the contribution from E' nearly 21 times that from S', and the contribution 
from V about 17 per cent, of the total. If we retain December 18 the relative importanoo 
of the contribution from E' rises and that from V sinks. 

It must be remembered that in 'Cables XCIll to CXI we arc dealing with only a 
few hours of the day, and that if we had “ activity ” data from all hours of the day, 
and from all days of the year, our conclusions might be considerably different. 

There are reasons, however, for believing that the results in 'Table CXI are m.ore 
representative than might be thought. I have pointed out elsewhere that there is reason 
to expect the square of the daily range to give at least a rough idea of the total "activity,” 
including the part derivable from the diurnal inequality as well as the part wo have 
just been considering. If we take the values to the nearest ly of the absolute ranges 
and inequality ranges from all days, we have for the three midwinter months of 1911 
and the three midsummer months of 1911-12 the results appearing in Table CXIl, p. 196. 
Squaring the ranges we get the results in Table CXIII, p. 190. 

Thus at midwinter — ^the season including the two first groups of term hours — the 
contributions from E' and S' are not far from equal ; while at midsummer — ^the season 
of the third group of term hours — the contribution from E' is markedly the larger. 
Also the preponderance of the E' contribution in midsummer is larger when we consider 
the absolute than when we consider the inequality ranges. 'This is at least suggestive 
of a tendency for the E' contribution to be relatively increased by disturbance, and 
so is in harmony with the fact that the percentage contribution from E' in 'Table CXI 
is larger when we include than when we exclude December 18. 

Taking the mean square of the ranges from the three elements we got, for the 
relative values of “ activity ” at midsummer and midwinter : 

from absolute ranges, 1 • 6 ; from inequality ranges, 2 • 4. 

In the case of the term hours 18h.-19h. is the only hour common to the two 
seasons. If we omit December 18 as outstanding we have five hours in each case. 
From these we find 

(midsummer " activity ”)/(midwinter “ activity ”) ==4*6. 

Comparing this mth the corresponding results from the two sets of daily ranges 
we should, I think, infer that even when we exclude December 18, either the midsummer 
term hours encountered more disturbance, or the midwinter term hours encountered 
less disturbance, than was quite characteristic of the season of the year. 

At the same time, the day lacking in the Antarctic at midwinter was July 17 
and, as Table CVIII shows, the " activity ” on this occasion at stations outside the 
Antarctic was much above, the average. Also, while no Antarctic record was got 
between 17 h. and 19 h. on July 17, there was record up to about 16h. 65 m., and 
again subsequent to 19 h. 10 m. During the interval there was a fall of 70y in B', 
so that element must have possessed considerable “ activity ” during one at least of 
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the term hours. Thus it is highly probable that but for the loss of trace on July 17 
the result obtained for the Antarctic “ activity ” at midwinter would have been 
considerably larger. 

If we combine the Antarctic results for the two hours 18 h.-20 h. of December 18, 
we find that the contribution of the horizontal components to {l/12)tr]^ amounted 
to 14693y*. If, on the other hand, we combine the results from the horizontal components 
at all the co-operating stations on all the 36 term hours — ^representing in all an aggregate 
of 700 hours — we obtain 12871y”. “Activity ” such as that exhibited in the Antarctic 
during the term hours of December 18 is very rare in temperate latitudes ; but it does 
present itself during disturbances of the largest size, such as occur once or twice in ten 
years. In such cases the disturbance is world wide, and the time of greatest “ activity ” 
may extend over several hours, minor though still large movements existing for a Hay 
or more. This will give some idea of how enormously the magnetic “ activity ” 
encountered during a storm of the first class exceeds that encoimtered on the average 
day. Another conclusion suggested by the Antarctic figures is that any calculation 
of the annual “ activity ” over the globe which is based on records confined to low and 
mean latitudes must inevitably lead to a very inadequate estimate. 

Section 54. — The traces received from Agincourt were not quick runs, but (iopies 
of the ordinary slow run curves, in which the times shown were those of 76° W. By 
an oversight, in the original measurements the times shown were treated as if times 
Gr.M.T. The first set of values of (l/12)S'»?“ obtained thus referred to times 5 hours in 
advance of the true term hours. On the mistake being discovered, the curves were 
remeasured at the proper times, and the data employed in Tables XCIIT to GIF i*efer 
to the same hours as the data for the other stations. 

Having “ activity ” data for the two sets of hours at Agincourt, it is well to utilise 
them. The term hoiu’S of any one group of days are, of course, too few for the results 
to be accepted as wholly representative of the hours of the day at the particular season, 
still they should sulfice to give a general idea. 

Table CXIV, p. 196, gives the mean results obtained, employing only those days when 
there were data for all four hours. The quantity tabulated is (1/12) Sij®, the unit 
being (ly)®, and the time is L.M.T. 

There was no day in which the value of (1 / 12 )S') 7 '^ was nearly so large for hour 3- 4 
as it was for either ho\ir 8-9 or hour 9-10 ; and the same was true for hour 4-5, except 
on one occasion when the value for hour 8-9 was exceeded. Thus the lessor “ activity ” 
of the early morning hours 3h.-6h. as compared with 8h.-10h. may be accepted 
as a general feature, at least near midsummer. 

The prominent position of hour 17-18 in the second group of term days is due to 
the exceptionally large contribution from July 17. If we omitted that day, the hour 
12-13 would take the first place. The second and third groups of days agree in makin g 
the “ activity ” for hour 18-19 less than that for hour 13-14. The differences between 
the results for the second group (midsummer) and the third group (midwinter) for the 
common hours 13-14 and 18-19 are very striking. 
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Table LXXXVIII. — Ranges during Term Hours (Unit ly). 
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Table LXXXIX. — Hanges during Term Hours (Unit ly). 
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Tabue XC. — ^Ranges during Term Honrs (Unit ly). 
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Table XCI. — ^Ranges during Term Hours (Unit ly). 
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Tabm XCn. — ^Ranges during Term Hours (Unit ly). 
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Table XCIII. — ^Ranges during Term Hours (Unit ly). 
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Table XCIV.—“ Magnetic Activity” during Term Hours. Value of (1/12)S>?® in terms of (ly)2. 
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Table XCV. — "Magnetic Activity” dining Term Hours. Value of ( 1 / 12 ) 51 ?® in terms of (ly)®. 
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TATtT.Tr, XCVI.— " Magneiic Actiyity ” during Term Hours. Value of in terms of (ly)®. 
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Table XCVll. — “Magnetic Activity” during Term Hours. Value of (l/12)S7j® in terms of (ly)®. 
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Table XCVUI. — “ Magnetic ActiTrity ” during Term Hours. Values of in terms of (ly)“. 
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Table XOIX. — “ Magnetic Activity ” during Term Hours. Value of (1/12)St 7® in terms of (ly)®. 
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Table C. — “ Magnetic Activity ” during Term Hours. Values of (1 }12)trj^ in terms of (ly)®. 
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Table CI. — “ Magnetic Activity ” during Term Hours. Value of (1 /12)Si7* in terms of (ly)®. 
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Table Oil . — “ Magnetic Activity ” during Term Hours. Value of {lfl2)tr}^ in terms of (ly)^. 
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Table CIII. — “ Magnetic Activity ” during Term Hours. 
Mean Value of (l/12)ST?®in terms of (ly)®. 


Date. 

Nature 

of 

Mean. 

8 h.-9 h. 

9 h.-10 h. 

Number 

of 

Stations. 

Dor W. 

H or N. 

fl. 

V. 

T. 

Number 

of 

Stations. 

DorW. 

Hor N. 

H. 

V. 

T. 

May 29 


20 

10*2 

8-5 

18-7 



20 

10-4 

3*7 

14*1 





M/ 

19 

8-6 

8-7 

17-3 

— 

— 

19 

7-4 

3-9 

11-3 

— 

— 


Ma 

16 

10-6 

8-6 

19-2 

2-6 . 

21-8 

16 

9-6 

4-6 

14-2 

1*6 

15-8 


Ma' 

15 

8-7 

8-9 

17-5 

2*6 

20*2 

16 

5*7 

4-8 

10-5 

1-5 

12-1 

June 2 

M, 

20 

8-3 

8-8 

17-2 





20 

7-3 

4-8 

12-1 





Ml' 

19 

7«9 

9-7 

17*6 

— 

— 

19 

4-9 

5-0 

9-8 


— 


Ma 

15 

9-2 

10-9 

20*1 

2-3 

22-4 

16 

8-3 

6*7 

14-0 

1-7 

15*7 


Ma' 

14 

8-2 

11*6 

19*9 

2-4 

22-3 

15 

6-4 

6*9 

11*3 

1*8 

13-0 

June 26 

Ml 

20 

8-9 

7-1 

16-1 





20 

13-2 

9-5 

22-8 






Ml' 

19 

7*1 

7-2 

14*3 

— 

— 

19 

9-1 

10*0 

19*1 

— 




Ma 

17 

10-4 

8-2 

18*6 

4-2 

22*7 

16 

11-2 

9*7 

21-0 

3*5 

24-4 


Ma' 

16 

8-3 

8-4 

16*6 

3-7 

20*3 

15 

6-9 

10*3 

16*2 

3-6 

19*8 

June 30 

Ml 

21 

4-6 

2-5 

7-1 





20 

5-6 

5*2 

10*8 






Ml' 

20 

3-9 

2-6 

6-5 

— 

— 

19 

3-6 

5*3 

8*9 






Ma 

17 

5-0 

2-9 

7-9 

2-2 

10*1 

16 

6-4 

6*2 

12*6 

2-0 

14-5 


Ma' 

16 

4-1 

3-1 

7-2 

2-2 

9*3 

15 

3-9 

6*4 

10*3 

1-9 

12-3 

July 24: 

M, 

20 

7-0 

4-3 

11-2 





19 

7*7 

9-1 

16*7 



■ 


Ml' 

19 

5-3 

4-3 

9-6 

— 

— 

18 

4*4 

9-4 

13*8 

— 




Ma 

16 

6-5 

4-5 

11-0 

3*2 

14-2 

15 

8*3 

10-8 

19*1 

1*2 

20*3 

' 

Ma' 

15 

4-3 

4-6 

8-9 

3*2 

12-1 

14 

4*2 

11-3 

15*5 

1*2 

16*7 

July 28 

Ml 

18 

33-5 

28-8 

62-3 





18 

30-4 

25*5 

55*9 






Ml' 

17 

29-5 

29-3 

58-8 

— 

— 

17 

25-6 

25*9 

51*5 

, — 

— 


Ma 

13 

3M 

32-9 

64-0 

6*9 

70-9 

13 

33-3 

30*0 

63*3 

]2*1 

75-4 


Ma' 

12 

25-3 

33-9 

59-2 

6*9 

66-0 

12 

26-7 

31*0 

57*7 

13*1 

70-8 
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Table CIV. — “ Magnetic Activity ” during Term Hours, 
Mean Value of (1/12)S'7* in terms of (ly)*®. 


Date, 

Nature 

of 

Moan. 

17 h.-18 h. 

18 h.-19 h. 

Number 

of 

Stations. 

Dor W. 

EorN. 

IT. 

V, 

1. 

Number 

of 

Stations. 

Dor W. 

HorN. 

n. 

V. 

T. 

May 22 

Ml 

20 

2-6 

3-3 

5-9 


_ 

19 

3-9 

3-4 

7-3 






Ml' 

19 

2-5 

2*9 

5*4 

— 

— 

18 

2-0 

3-2 

6-2 

— 

— 


Mi 

14 

3-1 

3-6 

6-8 

1-2 

7-9 

15 

4-8 

2-7 

7-6 

1-0 

8-6 


Mi' 

13 

3-0 

3-1 

6-1 

1-3 

7-4 

14 

2-4 

2-4 

4-9 

1-0 

6-9 

May 26 

Ml 

19 

20-8 

34-6 

55-4 

— 

— 

19 

7-4 

8-6 

16-0 

— 

— 


Ml' 

18 

19-9 

31-6 

51-5 

— 

— 

18 

3-6 

8-2 

11-8 

— 

— 


Mi 

16 

17-3 

26-7 

44-0 

1-9 

46-0 

16 

8-0 

7-4 

16-5 

1*6 

17-1 


Mi' 

16 

16-9 

22-7 

38-6 

1-9 

40-6 

16 

3-6 

6-8 

10-4 

1-6 

12-0 

June 19 

Ml 

19 

6-3 

1-6 

7-0 




20 

4-8 

4-2 

9-0 

— 

— 


Ml' 

18 

6-2 

1-7 

6-9 

— 

— 

19 

3-0 

4-0 

7-0 

— 

— 


Mi 

15 

6-6 

1-5 

7-1 

1-6 

8-6 

16 

6-0 

3-8 

9-8 

1-0 

10-9 


Mi' 

14 

5-4 

1-6 

6-9 

1-6 

8-6 

14 

3-6 

3-6 

7-2 

1-1 

8-3 

June 23 

Ml' 

20 

4-0 

6-4 

10-6 




20 

4-7 

6-4 

10-1 

— 

— 


Mi' 

15 

4-5 

5-6 

10-1 

2-1 

12-2 

16 

5-3 

4-1 

9'4 

1-0 

10-4 

July 17 

Ml 

19 

9-3 

39-4 

48-8 





18 

66-0 

102 -7 

167-6 

— 

— 


Ml' 

18 

8-6 

35-1 

43-8 

— 

— 

17 

68-2 

94-4 

162-6 

— 

— 


Mi 

15 

9-5 

34-9 

44-4 

2-3 

46-7 

16 

57-6 

88-3 

145-9 

6-5 

162-4 


Mi' 

14 

8-6 

29-1 

37-6 

2-4 

40-1 

16 

60'7 

78-0 

138-7 

6-B 

145-6 

msm 

■m 

B 

7-1 

4-9 

12-0 

— 

— 

19 

6'6 

4-8 

10-4 

— 

— 

mmmm 



7-0 

4-4 

11-5 



— 

18 

4-8 

4-6 

9-4 

— 

— 




7-2 

4-3 

11-6 

1-2 

12-7 

16 

6-7 

4-7 

11-6 

1-7 

13-2 

■ 

IjH 


■ 

3-6 

10-8 

1-1 

11-9 

14 

5-7 

4-6 

10-2 

1-9 

12-0 
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Table CV. — Magnetic Activity” during Term Hours. 
Mean Value of (1/12 )Stj^ in terms of (ly)®. 


Date. 

Nature 

of 

Mean. 



18 h.- 

19 h. 





19 h. 

-20 h. 



Number 

of 

Stations. 

DorW. 

HorN 

s. 

V. 

T. 

Number 

of 

Stations. 

Dor W. 

HorN. 

H? 

V. 

T. 

November 20 

, Ml 

20 

2*6 

1-5 

4-0 



19 

3-2 

1-1 

4-4 




Ml' 

19 

2-6 

1-5 

4*1 

— 

— 

18 

2*0 

1*2 

3-1 

— 

— 


M^ 

15 

3-1 

1-4 

4-5 

0-4 

4-9 

15 

3-7 

1-1 

4*8 

1-0 

5*8 


Mj' 

14 

3-2 

1*5 

4-6 

0-4 

5-1 

14 

2-0 

1-2 

3-2 

M 

4-3 

November 24 

Ml 

19 

1-2 

2-8 

3-9 



— 

20 

2-4 

1-4 

3*8 

- . , 




Ml' 

18 

l-O 

2-9 

3-0 

— 

— 

19 

1-3 

1*4 

2-7 


— 


Mj 

14 

1*3 

2-6 

3-9 

0*6 

4-5 

15 

2*7 

M 

3*8 

0-4 

4-1 


M,' 

13 

M 

2-8 

3*9 

0*6 

4-5 

14 

M 

1*1 

2*2 

0-4 

2*6 

December 18 

Ml 

17 

3-0 

1-6 

4-6 




18 

5-9 

0*9 

6-8 






Ml' 

16 

2-9 

1-6 

4-5 

— 

— 

17 

4-4 

0*9 

5*4 

— 

- - 


M, 

14 

2-8 

1 -7 

4-5 

0-8 

5-3 

15 

6-7 

1-0 

7*8 

1-2 

8*9 


Ms' 

13 

2-6 

1-7 

4*3 

0-7 

5*0 

14 

5*0 

M 

6-1 

0-9 

7*0 

December 22 

Ml 

19 

2-0 

2-6 

4-4 





21 

3-0 

2-0 

5*1 





Ml' 

18 

1-8 

2-5 

4*3 

— 

— 

20 

1-7 

2-0 

3*7 

— 

— . 


Mj 

15 

2-2 

2-3 

4*5 

0-6 

5-1 

17 

3-3 

1*5 

4*8 

1-0 

6-8 


m; 

14 

2-0 

2-3 

4-3 

0-5 

4-8 

16 

1-6 

1*5 

3*1 

0-9 

4-1 

January 22 

Ml 

20 

1-8 

2-6 

4-4 

— 



20 

3-2 

5*3 

8-5 





Ml' 

19 

1-8 

2-6 

4-4 


— 

19 

1-5 

5*2 

6-8 

— 

— 


M, 

16 

1-9 

2-8 

4-7 

1-0 

5-7 

16 

3-7 

4*5 

8-2 

0-8 

9*0 


Ms' 

15 

1-9 

2-8 

4-6 

0-8 

5-4 

15 

1*7 

4*4 

6-1 

0-7 

6-8 

January 26 

M, 

— 

— 

— 

— 

— 



20 

4-1 

0*8 

4-9 






Ml' 

18 

1*8 

M 

2-8 

— 

— 

19 

2-0 

0*9 

2-8 

— 

— 


Ms 

— 

— 

— 

— 

— 

— 

16 

4-7 

0*9 

5-6 

0-7 

6-3 


Ms' 

14 

1-5 

0*8 

2-4 

0-4 

2-8 

15 

2-1 

1*0 

3-1 

0-6 

3-7 



Table CVI. — Antarctic Ranges daring Term Honrs (Unit ly) 


Dfite. 

Hoar 

a.M.T. 



S 

r 

V. 

Hour 

0-.M.T. 

E' 

- 

S' 




May 29 

8-9 

12-3 

16-2 

12-3 

13-2 

5-3 

6-3 

9-10 

ll-O 

11-6 

6-2 

62 

7-6 

7-6 

Juao 2 

8-9 

10*3 

12*9 

15-6 

l4)-0 

12-9 

12-9 

9-10 

17-4 

20-0 

14-8 

18-0 

6-8 

8-4 

„ 26 

8-9 

11-0 

11-6 

18-0 

18-0 

7-6 

7-6 

9-10 

9-0 

11-6 

8-2 

9-8 

3-0 

3-0 

„ 30 

8—9 

4-5 

4-7 

4-1 

4-1 

3-8 

3‘S 

9-10 

9-0 

11-0 

7-4 

90 

6-3 

5-3 

July 24 
28 

8-9 

16*5 

16-5 

6-0 

7-4 

7-6 

7-6 

9-10 

9-10 

12-9 

45*2 

12-9 

63-0 

10-6 

69-1 

10-6 

03-2 

3*9 

10-7 

3-0 

18-3 

May 22 

17-18 

14-2 

18-7 

11-4 

12-3 

13-7 

13-7 

18-19 

18-7 

19-4 


19-4 

14-5 

14-5 

» 26 

17-18 

36-2 

36-2 

13-2 

14-1 

7-6 

9*1 



KSl' 

2S-5 

28-2 

16-7 


Juno 19 

17-18 

7-8 

8-4 

9-8 

13-9 

3-0 

4-6 

18-19 

18-7 

24-0 

17-2 

17-2 

7-6 


ry 23 

17-18 

29-7 

42-0 

52-5 

63*3 

13-7 

16-2 

18-19 

14-2 

18-1 

34-4 

35-3 

21-3 

21-3 

July 21 

17-18 

20-5 

31-7 

53-5 

63-5 

29-7 

29-7 

18-19 

30-4 

38-1 



13-7 

16-7 

Nov. 20 

18-19 

42*0 

47-8 

48-4 

63' 9 

26-6 

32-0 

19-20 

65-9 

75-6 

27-3 

30-0 

43-4 

47-9 

>, 24 

18-19 

62-3 

69-8 

27-3 

34-1 

19-8 

26-9 

19-20 

68-6 

83-3 

42-3 

47-1 

12-9 

22-1 

Deo. 18 

18-19 

262-9 

269-4 

163-0 

163-7 

32-7 

37-3 

10-20 

202-2 

210-0 

60-0 

68-2 

50-2 

60-9 

22 

18-19 

82-7 

95-0 

66-6 

63-4 

40-3 

41-9 

19-20 

04-3 

102-7 

29-3 

38-0 

72-3 

73-1 

Jan. 22 

18-19 

81*4 

97-6 

36-5 

44-3 

45-7 

61-0 

19-20 

126*0 

190-6 

83-2 

86-6 

67-7 

78-4 

.y 26 

18-19 

36*2 

41-3 

27-3 

29-3 

47-2 

61-7 

19-20 

43-3 

43-0 

38-2 

43-6 

18-3 

22-8 


Table CVII, — ^Antarctic “Magnetic Activity” during Term Hours. Yalue of 

(1/.12)2»?“ in terms of (I 7 )®. 


Date. 

Hour 

G.M.T. 

E'. 

S'. 

V. 

if. 

T. 

Hour 

G.M.r. 

E'. 

8'. 

Y. 

H. 

T. 

May 29 

8-9 

11-6 

7-4 

2*4 

19*0 

21-4 

9-10 

9*6 

3-0 

4*8 

12-5 

17-3 

June 2 

8-9 

11-1 

21-6 

14*6 

32*6 

47-2 

9-10 

25-9 

24-1 

2*7 

60-0 

62-7 

„ 26 

8-9 

10-8 

12-1 

2*0 

22*9 

24-9 

9-10 

8-2 

• 7-1 

0-6 

15-3 

ia-9 

„ 30 

8-9 

1-5 

1-0 

0*9 

2*5 

3-4 

9-10 

7*6 

3-2 

4*0 

10-9 

14-9 

July 24 

8-9 

16-4 

3-9 

4*4 

20*3 

24-7 

9-10 

10*1 ' 

6-8 

0*8 

10-9 

17-7 

„ 28 

8-9 






9-10 

36*5 

127*9 

7*1 

161-4 

171-6 

May 22 

17-18 

14-0 

9*6 

15*1 

23*6 

38-7 


16-4 

18-6 

11*3 

33-9 

45-2 

26 

17-18 

115*9 

8-8 

6*3 

124*7 

130-0 

18-19 

178*7 

46-8 

42*1 

225-6 

267-6 

June 19 

17-18 

3*9 

6-1 

0*5 

10*0 

10-5 

18-19 

23-3 

10-7 

5*2 

34-1 

39*3 

„ 23 

17-18 

36-9 

171-6 

25*6 

208*5 

234-2 

Haiti 

20*7 

mmmm 

33*9 

121-1 

156*0 

July 21 

17-18 

49*6 

268-8 

133-6 

318*3 

461*8 

18-19 


87-9 

20*2 

160-9 

181*2 

Nov. 20 

18-19 

188-0 

302*2 

40-3 

490*2 

630*4 

19-20 

327-4 

61-3 

184*9 

388-7 

673*6 

» 24 

18-19 

229-1 

73*3 

30-8 

302*4 

333*2 

19-20 

455-5 

155*6 

20*5 

611-1 

631*6 

Dec. 18 

18-19 

7946-4 

2537*6 

105-2 

10484*0 

10589*2 

19-20 

3886-8 

221*9 

134*3 

4108*7 

4243*9 

„ 22 

18-19 

589-2 

266*3 

102-8 

856*6 

958*3 

19-20 

791-0 

50*5 

413*3 

811*5 

1254*8 

J an. 22 

18-19 

746-4 

107*0 

161-1 

852-4 

1013*6 

19-20 

1625*5 

368*9 

276*4 

1904*4 

2270*8 

» 26 

18-19 

112-6 

62*1 

143-9 

164-7 

308-6 

19-20 

126*2 

76*7 

32*7 

200*0 

233*7 
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N 




Table CVIIL— Absolute and Eelative Values of ( 1 / 12)2172 (“ Maguetic Activity ”) during Term Hours. 


^00 
^ <N 

197 

424 

194 

251 

365 

355 


10 10 t- 00 0 Q pH 
pH Cq ^ <M pH ^ CO 
pH pH pH 

— 

Jan. 

26 

pH pH 

July 

21 

CO Q os 1 go «o 
t- CO i-H 1 CO CO 

1—1 


CO iO CO 1 1 1 

•5 ^ S3 57 1 1 1 

Jan. 

22 

CO Q Op t- 00 

OS 0 ^ 

pH pH CM pH pH pH 

June 

30 

CO CO 0 r-l 1 tH 

-tH iH 00 10 1 CM CO 

June 

23 

zo ^ no CO 

CM pH 00 CM 0 0 pH 
pH pH pH 

Dec. 

22 

10 CO tH CM cq CM 
pH JO 00 CO 00 

pH 

June 

26 

CO CO 1 — 1 r-l I CO 

CO 1-1 i-H f CO CO 
1—1 pH 

June 

19 

cs CO 10 CO 0 Q OS 
(M (M OS CO <M 

Dec, 

18 

0 CM OS "-ii cq t- 
oo OS OS CO 0 t- 

-H CO CM 

June 

2 

0 (M t-H OS I pH OS 

10 tH 10 1 pH 0 

pH pH 

May 

26 

00 0 Q CO <M CO ^ 
CO CO CO CO OS OS 

pH pH pH 


p? cq cq JO pH 

Cf5 0 00 to tH 

p^ 

May 

29 

pH 10 0 OS 1 00 CO 

OS ^ 10 10 1 ^ CO 

gcq 

pH eH CO ^ OS CO 

pH PH 10 pH CO Cq CO 


ooscocqosi— 

CD 0 i> t- cq CO 

pH 

Sc 

JO CO CO OS 0 CO 

CM (i ID pH li CO 

CO pH (M (M ^ ^ 


t- CO 00 0 rH 

pH CO 10 OS 10 !> 

10 C50 CO pH CO 

pH pH 

Sc 

00 0 CO CO CO CO 

1 JO pH CD l> 4^ 

JO CO 

CO JO 
pH pH 

Hour 

G.M.T. 

9-10 

9-10 

9-10 

9-10 

9-10 

9-10 

Hour 

G.M.T. 

OS OS OS OS OS OS OS 

pH pH pH pH i-H pH pH 

Hour 

G.M.T. 

000000 

c^ cjj cq cq Cjj cjq 
crs crs os os crs os 

pH pH pH pH pH pH 

July 

28 

OS t- JO CO 
pH CO pH OS 

CO (M CO CM 

July 

21 

pH 0 CO CO CO pH 

CO CO CM WO CO CO CO 

pH cq cm 

Jan. 

26 

CO 0 op t> 00 CO 

CO JO CO pH 

pH 

July 

24 

^ 10 r> 0 pH ^ CM 

CO t- (M WO 00 0 0 

pH pH 

July 

17 

iSS§?2 1 1 1 

Cq pH pH pH 

Jan. 

22 

CM cq b- JO OS 'T+H 
cq 0 0 . 0 CO tH 
pH pH pH pH 

June 

30 

CO CO 0 CO 00 CO 
<M CO (M 55 pH pH 

2 

3 ^ 

CO 00 CO WO WO oq JO 

CO CO 0 JCD CO WO CO 
pH pH pH 

Dec. 

22 

tH JO CO CO C3S cq 

JO 0 cq pH CO 
pH pH pH 

2 

^ to 
d oq 

10 0 CO t- pH 00 CM 
»0 pH 0 CO pH pH 0 

pH pH pH pH 

June 

19 

t— (M CO OS CD t- CD 

ICO cq CO ^ 

Dec. 

18 

CM Op CO 00 CO 

CD 0 ^ cq t- CO 

pH pH pH pH "isH 

§ 

g cq 

^ 9 CO « ^ ^ 

(M pH pH pH 

^50 

CO CO CO <M CO pH JfD 
i-pJiasjoasosi> 
cq <M pH cq <M 


OS OS cjO 0 JO 

CO 0 CM OS pH pH 
pH pH 

&’03 

tH Q*0S tp CO OO 00 

OS CO 00 OS 00 

&'cq 

;|cq 

CO wo 0 CO 0 CO 

cq JO cq CO pH CM 


CM cq CO OS cq CO 

JO CO JO 00 cq CM 

pH 

Ss^ 

Jj C- 

OS Q pH OS 10 CO 

pH OS pH CM OS 4* 

CO pH Oq (M pH pH 

Mean 

( 7 *) 

cq 0 t- to to pH 0 

pH pH 

Jv 

CjO pH OS pH JO OS 

CO to CM rH CO 

C3S CO 
pH cq 

CM c^q 

Hour 

G.M.T. 

^ OS ^ m OS OS 

00 CO 00 00 CO 00 GO 

Hour 

G.M.T. 

00 00 00 C30 00 00 00 

j T "T "t t 

l>- t— t“ t— Ip* fc— 

pH pH pH pH pH pH pH 

H 

18-19 

18-19 

18-19 

18-19 

18-19 

18-19 

1 

Europe, horizontal 

K. America, horizontal 
India, horizontal 

All stations, horizontal 

jj . ” 

Antarctic, horizontal ... 
Antarctic, total 
— 

1 1 i 
I’iil ^i^ 

si 

'5p| 11 

'll 

Europe, horizontal 

H. America, horizontal 
India, horizontal 

1 All stations, horizontal 
^ Antarctic, horizontal ... 
Antarctic, total 
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Table CIX. — Mean Term Hour “ Magnetic Activities/* Comparison of Components. 



All Bays. 

Omitting July 17. 

— 

(1/12) St)« in (l 7 )“. 

Poroonfcagos. 

{1/I2)2,«m(l7)*. 

Poroentages. 


Dor W. 

H or N. 

H. 

D or W. 

Hor 3Sr. 

B or W. 

HorN. 

s. 


HorN. 

All Co-operating Stations 

8-7 

9-7 

18-4 

47-3 

' 

62-7 

7*2 

6-3 

13-6 

63-1 

46-9 

Omitting Stonyhurst 

7-i 

9-3 

16-7 

44*3 

56-7 

5-7 

6*3 

12-0 

47-7 

62-3 


« 


Table OX. — ^Mean Term Hour " Magnetic Activities.” Comparison of Components. 


C'o-oporating 

Bays. 


(1/12) in (ly)®. 



PercontagoB. 


Stations. 

B or W. 

Hor N. 

H. 

V. 

Total. 

I) or W. 

H or N, 

1. 

V. 

All 

All 

8-9 

9'.^ 

18'4 

2'1 

20-4 

1 

43'B 

46'5 

90-0 

10-0 

3i ••• ... 

Omitting July 17 

7-4 

6-3 

13-7 

1-9 

ID-C 

47-2 

40-6 

87-8 

12-2 

Omitting Stony- 
liurst. 

All 

7-2 

9*0 

lC-2 

2-0 

18'2 

39-5 

49-2 

88-7 

11-3 


Omitting July 17 

5-6 

6-3 

11-8 

1-9 

13-7 

40-3 

45*9 

86-2 

13-8 


Table CXI. — ^Antarctic “ Magnetic Activities ” at Different Hours and Seasons. 





(1/12) ^7,2 in (l 7 )«. 



Porcentagos. 



Hour 











a.M.T. 

E'. 

S'. 

K 

V. 

Total. 

E'. 

S'. 

fi. 

V. 

May 29 ; June 2, 26, 

8-^9 

10-3 



4-9 

24-3 

42-2 

37-8 

M 


30 ; July 24, 28. 

9-10 

12-3 

8-8 


2-6 

23-7 

61-8 

37-3 



May 22, 26 ; June 19, 

17-18 

44-0 

93-0 

137-0' 

36-0 

173-0 

25-6 

63-7 

79-2 

20-8 

23; July 21. | 

18-19 

62-2 

62-9 

116-1 

22-6 

137-7 

46-2 

38-4 

83*6 

16-4 

Not. 20, 24; Dec. 22; 

18-19 

372 -9 

160-2 

633-0 

96-8 

628-8 

69-3 

26-6 

84-8 

16-2 

Jan. 22, 26. 

19-20 

664-9 

142-4 

807-3 

186-6 

992-9 

67-0 

14-3 

! 

81-3 

18-7 

AH (33) lioTjis (includinfi 
Deo. 18). 

636-6 

168-2 

694-6 

60-1 

764-7 

1 

71-1 

20-9 

92-0 

8-0 

31 hours (omitting Deo. 18) 

189-3 

79-4 

268-7 

66-3 

326*0 

68-3 

24-4 

82-7 

17-3 











Table OXII. — ^Mean Absolute Rauges and Inequality Ranges in Antarctic. 


Kange ia 

May. 

Juno. 

July. 

November. 

December. 

January. 


*Aba. 

Iny. 

Abs. 

Iny. 

Abs. 

Iny. 

Abs. 

Iny. 

Abs. 

Iny. 

Abs. Iny. 


y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y y 

E' 

206 

72 

146 

60 

188 

62 

247 

126 

260 

93 

231 108 

8' 

163 

78 

149 

60 

176 

68 

176 

94 

189 

99 

164 84 

V 

119 

39 

92 

38 

128 

47 

136 

66 

182 

82 

146 72 


Table CXIII. — ^Mean Squares of Antarctic Ranges. 



Midwinter. 

Midsummer. 

— 

Absolute Bangoa. 

Inequality Banges. 

Absolute Bongos. 

Inequality Rangos. 


E' 

H' 

V 

E' 

S' 

V 

E' 

S' 

V 

E' 

S' 

V 

MeanR®// 

32896 

26466 

13003 

4209 

4769 

1726 

60667 

31081 

24216 

11979 

8564 

5378 

Poicentages of 
Total 

46A 

36-6 

18-0 

39-3 

44: *6 

16-1 

52-3 

26-8 

20-9 

46-2 

33-0 

20-8 


Table CXIV. — Agincourt “Magnetic Activities.” Mean Values of (1/12)^17® in 

terms of (ly)®. 


Eirst Group (4 days). 

Second Group (6 days). 

Third Group (6 days). 


D. 

H. 

H, 

j L.M.T. 

D. 

H. 

H. 

L.M.T. 

D. 

II. 

H. 

3b.-4]i. ... 

9-4 

6-6 

]6'0 

12 li.-13 b. 

12-4 

41 -1 

63-6 

13h.-14b. 

1-7 

4-8 

6-6 

4 h."5 li. ... 

16-7 

4-4 

20-1 

13h.-14b. 

39'6 

36-3 

74-9 

14b.-16b. 

3-8 

2-9 

()-8 

8h.-9b. ... 

60'2 

34-0 

94-2 

17 b.-18 b. 

6-1 

108-2 

114-3 

18b.-19 b. 

2-5 

3-0 

B-6 

9b.-10h. ... 

60-7 

29*1 

89-8 

18b.-19 b. 

6-0 

34-3 

40-3 

19b.-20b. 

0-7 

1-8 

2-6 
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OHAPTEK IX. 

Discussion of Selected Disturbed Teem Hours. 

May 26, 1911, llk-lQk G.M.T. 

Section 55. — On this term day very sensible movements occurred at most of tbe 
stations. Except in the Antarctic there was more disturbance between 17 h. and ]8h. 
than between 18 h. and 19 h.; but the movements during the latter hour near 
18 h. 30 m. seem the most interesting, and are specially considered. The following curves 
were selected for reproduction in Plate XV : the three components in the Antarctic, 
H at Tucson, H and D at Cheltenham, N at Seddin, and H and D at Sitka. 

The movements between 18 h. 20 m. and 18 h. 35 m. in N at Eskdalemuir and in H 
at De Bilt and Val Joyeux are very similar to the movements in N at Seddin. At all 
these places between about 18 h. 27- 6 m. and 18 h. 31 m., there is rather a smart rise 
in H or N, interrupted for about half a minute by a smart but smaller movement in 
the opposite direction. The other magnetic elements during this time showed little 
trace of disturbance. The movement in H or N just referred to may be regarded as 
consisting of : — 


- ■ ■ , 

Val Joyeux. 

De Bilt. 

Seddin. 

Btoiiyliurst. 

Eukdolemulr. 

Eesultant change 

■ +1y 

+10y 

+lly 

4-12y 1 

H-16y 

Including reverse change 

-ly 

— 2y 

1 

— 3y 

- 3y 

- 3y 


There are apparent small differences in the times at which these movements are 
shown on the different curves, but the general resemblance of the movements is so close 
there can be but little doubt that they were reaUy synchronous at all the stations. The 
D or E trace showed very little movement at this time. 

During the time occupied by the above movements there were also decided 
movements in the Antarctic and at Tucson, Cheltenham and Sitka, but the features 
characteristic of the European stations are not recognisable. In the Antarctic there 
was a considerable rise and fall of E', with but very little change in N'. Also the 
movement lasted about 10 minutes, from about 18h. 27 m. to 18h. 37 m., consisting of 
a rise of 37y in E' and fall of 36y. At Tucson between 18 h. 26 m. and 18 h. 31'6m. 
there were two oscillations in H, the successive movements being + 2y, — 3y, + 2y, — 2y. 
At Cheltenham between 18 h. 20 m. and 18 h. 31 •6 m. the H trace shows a succession 
of pulsations, with an average period of about 46 seconds. The following changes in H 
appeared between 18 h. 29 m. and 18 h. 31 -6 m., + 7y, — 6y, + 4y, — 3y and -\~ 4y. 
A tendency to pulsations was visible throughout the greater part of the two hours 
17 h.-19 h., but the movements were generally considerably smaller than the above. 
The D trace was much quieter, but small pulsations can be recognised in it. 



At Sitka between 18 b. 28 m. and 18 b. 32 m., H fell about 18y. Between 
18 b. 28 m. and 18 b. 34 m. D moved 2' ( = 9y) to tbe West, and 4' ( = 19y) to tbe 
Bast, tbe turning point coming at about 18 b. 29 • 5 m. Thus while at most stations near 
18 b. 30 m. tbe movements in D or B were much smaller than those in H or N, this was 
not the case at tbe geographically extreme stations, tbe Antarctic and Sitka. 

The remarkable feature on May 26, 1911, is that while most of tbe stations showed 
special magnetic disturbance near 18 h. 30 m., it took a very varied form at different 
places. Over considerable areas, e.g., throughout Western Burope, there was similarity 
of type, but areas remote from one another showed different characteristics. 

July 17, 1911. 

Section 56. — ^Whilst the disturbance between 17 h. and 19 h. on July 17, 1911, 
was not what would usually be called a magnetic storm, it was of considerable intensity, 
at least at the European and American stations. At the former it was unquestionably 
the most disturbed time experienced in any of the term hours. The Antarctic trace 
was unfortunately lost, but not improbably the disturbance there may have been trivial 
as compared with the disturbance of December 18, for conditions were comparatively 
quiet at the more southerly of the co-operating stations. 

A variety of interesting details appeared in the records from the co-operating 
stations. The following were selected for reproduction in Plate XVI : PUar H, Porto 
Rico H, Alibag H, Cheltenham H, De Bilt H, Seddin N, E and V, Bskdalemuir N and 
E, Sitka H, D and V. 

In general, Sitka being the chief exception, the disturbance in H or N was largej’ 
than that in D or E, The disturbance in the latter element was in general by no means 
negligible, but besides being smaller than the disturbance in H it presented fewer 
noteworthy features. In the H or N curves tliree features appeal in general to the eye. 
The first of these is a series of comparatively slow oscillations of no very regular charactci', 
but with the maxima and minima more or less synchronous at the several stations. The 
times of the turning points as shown by the curves are given in the followmg table. 


Table CXV. — ^I’imes of Turning Points during Term Plours 17h.-19h., July 17, 1911. 


Sbaiion. 



Maxima in H ui N. 



Minima in H or N. 

Pilar 

h. 

m. 

h. 

111. 

li. 

m. 

h. 

in. 

h. 

in. 

h. 

m. 

h. 

m. 

h. 

m. 

h. 

m. 


- 

17 

33 

17 

46 

18 

15 

17 

18 


— 

17 

40 

18 

0 

18 

48 

Porto Rico ,,, 

- 

- 

17 

34 

17 

49 

18 

16 

- 

- 




17 

40 

18 

0 



Alibag 

- 

- 

17 

33 

17 

49 

18 

13 

- 

- 




17 

40 

18 

0 

18 

48 

Honolulu 

17 

22 

17 

32 

— 

— 

— 



_ 




17 

39 

17 

69 



Tucson 

17 

20 

- 


— 


18 

16 


_ 









Cheltenham ... 

- 

- 

17 

34. 

17 

61 

18 

16 

17 

16 


— . 

17 

40 

18 

0 

18 

49 

Agincourt 

- 

- 

17 

32 

17 

60 

18 

16 

17 

18 




17 

40 

18 

0 

18 

60 

ValJoyeux ... 

17 

24 

17 

34 

17 

49 

— 

— 

17 

20 

17 

27-6 

_ 



18 

0 

18 

48 

DeBilt 

17 

26 

17 

34 

17 

49 

18 

16 

17 

20 

17 

27-6 

17 

40 

17 

68 

18 

49 

Seddin 

17 

26 

17 

34 

17 

49 

18 

16 

17 

19 

17 

28 

17 

39 

17 

69 

18 

52 

Stonyhurst . . . 

17 

26 

17 

36 

17 

60 

18 

17 

17 

21 

17 

29 

17 

40 

.17 

69 

18 

62 

Eskdalemuir ... 

17 

26 

17 

36 

17 

49 

18 

16 

17 

20 

17 

28 

17 

40 

17 

69 

18 

48 
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At Val Joyeux trace was missing near 18 h. 16m., and near 17 h. 40 m. it was so 
nearly level that no exact time could be assigned for the maximum which then occurred. 
The times shown on the Stonyhurst trace were fuUy 1 minute slow, if we may judge by 
some prominent oscillations which were presumably synchronous at all the European 
stations. Some of the oscillations included in Table CXV were small, especially at 
the more Southern stations, and the curvature near the turning points on the traces was 
so small that the precise times of their occurrence were difi0.cult to fix. We should infer 
that the general character of the slower changes in H was the same at all the stations 
in the table, H rising at all or falling at all. Sitka, however, difiered from the other 
stations, the H trace showing maxima at about 17 h. 20 m., 17 h. 37 m. and 18 h. 47 m., 
and minima at about 17 h. 23 m., 17 h. 34 m., 18 h. 14 m. and 18 h. 25 m. Thus on the 
whole the changes in H at Sitka were opposite in direction to those occurring elsewhere. 

Of the slower changes in H (or N), the rise to a maximum about 17 h. 34 m., and the 
fall to a minimum about 17 h. 40 m. were generally the most conspicuous. The ampli- 
tudes measured for these two movements were as follows : — 


Pilar. 

Porto 

Rioo. 

Alibag, 

Hono- 

lulu. 

Tuoson. 

Cilelte^- 

ham. 

Agin- 

oourt. 

Val 

Joyeux. 

De Bilt. 

Seddin. 

Stony- 

hurst, 

Eskdale- 

muir. 

+2y 

-f4y 

-hly 


+ly 

+12}/ 

+8y 

+12y 

+18y 

+16y 

+19y 

+21y 

— 6y 

-3y 

— 6y 

— 2y 

-3y 

— 8}/ 

— 6y 

- 7y 

— 12y 

-12y 

-13y 

— 14y 


It win be noticed that the first movement was in general the smaller at the 
Southern stations, but the larger at the Northern. The difierence between Tucson and 
Cheltenham is remarkable. In Western Europe both movements showed a tendency to 
increase with the latitude. 

The second of the principal features alluded to above was a series of shorter period 
oscillations commencing about 17 h. 40 m. These were particularly clearly shown at 
Seddin, thanks to the high sensitiveness of the Seddin magnetographs. The oscillations 
are superposed on a gradual rise in the element, so that the steps down are less than the 
steps up. The change between 17 h. 46 m. and 17 h. 47‘6m. may be regarded either 
as one oscillation, with the first movement arrested for a short time, or as two oscillations. 
On the former view five oscillations are shown, on the latter six. At most of the 
stations only the earher of these oscillations are clearly recognisable. The results of the 
measurements possible appear in the earlier columns of Table CXVT, p. 200. Eor the 
three oscillations included the average period was about !§• minute. 

The third feature mentioned above was a second series of oscillations commencing 
about 18 h. 19 m. These are again particularly well shown at Seddin, where five or six 
oscillations are recognisable. At most of the stations not more than three oscillations 
were clearly shown, and the measurements appearing in the later columns of Table 
CXVI are confined to them. 




Table CXVI. — Amplitudes of Oscillations in H (or N) during Term Hours, July 17, 1911. 



OsoiUations commencing about 17 h, 40 m. 

Oaoillatioufl commencing about 18 h. 10 m. 


y 

y 

y 

V 

V 

Y 

V 

Y 

Y 

Y 

Y 

Y 

Pilar 

-|-0'7 

-0-6 





~0-3 

+ 0-1 

- 1-6 

-bO-3 

-0-3 

+0-9 

Porto Eico . . . 

+l-i 

-0*8 

— 

— 

— 

— 

-M 

+ 0-8 

- 1-1 

-t-0-3 

-1*4: 

-fl-4 

Alibag 

+2 

-1*5 

+ 2 

-0 + 

+ 1 

-0-6 

-1 

-f- 4: 

- 4 

+2 

-1-6 

+ 1 

Honolulu , . . 

4-1 

-1 


— 

— 

— 

-0-5 

“h 0 ' 3 

- 0-8 

-1-1-3 

-1-0 

+0-8 

Tucson 

■fi 

-1 

— 

. — 

— 

— 

-3-3 

-h 0-3 

-• 2-1 

-M-2 

-0-3 

-1-1-2 

Cheltenham 

-1-2 

-1 

— 

— 

— 

— 

-6 

+ 0-7 

- 3 

+0-6 

-0-8 

+2 

Val Joyeux,.. 

+4 

-2 

+ 6 

-1 

— 


— 

— 

— 

• — 

— 

— 

DeBilt 

-bB 

-4 

+ 7 

-1 

+5 

-1 

-7 

+12 

- 8 

+4 

-6 

+5 

Seddin 

-t-7 

-6 

+ 8 

-3 

+6 

-1 

-6 

+]6 

-12 

+B 

-6 

+5 

Stonyhurst,.. 

-1-6 . 

-4 

8 

-1 

+6 

-1 

-7 

+12 

- 7 

+B 

-6 

+6 

Estdalemuir 

1+7 

-4 

+10 

-2 

+7 

-1 

-9 

+14 

9 

-i-4 

-6 

+8 


At the more Southern stations the movements were so small that results had to be 
given to O-ly or O'Sy to show the order of magnitude. No high accuracy is claimed 
for these figures. The trace from Val Joyeux was incomplete, and that from Agincourt 
being slow run was unsuitable for the measurement of rapid changes. There were 
movements in H, and still more in D, at Sitka during the time, but they could not be 
satisfactorily identified with the movements elsewhere. The first three oscillations 
after 18 h. 19 m. were on the whole larger than those after 17 h. 40 m., but they showed 
the same tendency to be largest at the more Northern European stations. The periods, 
however, of the two series of oscillations were decidedly difierent. The mean period 
for the first three in each case was for the first series If minute, as already stated, 
as compared with Ij minute for the second series. The periods were thus in the 
ratio of 4 : 3. 

Small short-period oscillations or pulsations were recognisable throughout most 
of the Cheltenham and Stonyhurst H traces, but their appearance was rather suggestive 
of an instrumental origin. The general correspondence of the phenomena at all the 
stations except Sitka suggests a source of disturbance either very deep seated, or 
remarkably similar in widely different latitudes. Under such circumstances the difterence 
between Sitka and the other stations is certainly strange. The parallelism of the Sitka 
H and D traces is unusually marked. This suggests little variation in the azimuth of 
the horizontal disturbing force at that station for two hours. 

Jidy 28, 1911, Sk-lOk 

Section 67. — ^The disturbance of July 28, 1911, showed a less variable distribution 
of intensity than that of July 17, being very sensible in all continents. On the whole, 
moreover, the disturbance in D (or E) was as large as that in H (or N), though the 
individual D movements made less appeal to the eye. The following curves were 
selected for reproduction in Plate XVII : Antarctic N', E' and Y, PUar H, Honolulu H, 
Tucson H, Cheltenham H, Eskdalemuir N, Sitka H, D and V. 
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A series of comparatively slow oscillations was visible at all tbe stations between 
8 h. 30 m. and 9 b. The approximate times of the turning points are given in Table CXVII. 


Table OXVII. — Times of Turning Points during Term Hour 8h.-9h., July 28, 1911. 


Station. 

Element. 

Maxima. 

Minima. 



h. 

m. 

h. 

m. 

h. 

m. 

h. 

in. 

h. 

in. 

h. 

m. 

Antarctic . . . 

N' 

8 

32 

8 

39 

8 

63 

8 

36 

8 

46 


— 

ff 

E' 

8 

32 

8 

42-6 

- 


8 

36 


— 

8 

66 

Pilar 

H 

8 

30 

8 

36 

8 

47 

8 

33 

8 

4:2 


— 

Porto Rico ... 

H 

8 

30 

8 

39 

8 

46 

8 

33 

8 

42 

8 

61 

Honolulu ... 

H 

- 

- 

8 

37 

- 

— 

8 

32-6 

8 

42-6 


— 

Alibag 

H 

- 

- 

8 

36 

- 

— 

8 

32 

8 

42 


— 

Tucson 

H 


- 

8 

37-39 

8 

48 

8 

33 

8 

42-6 


— 

Ckeltenliam 

H 

8 

31 

8 

37-39 

8 

47 

8 

34 

8 

43 

8 

60-62 

Agincourt ... 

H 

- 

- 

8 

39 

8 

46 

8 

34 

8 

43 


— 

Val Joyeux... 

H 

8 

31 

1 8 

37-39 

8 

46 

8 

32-34 

8 

42-6 

8 

61-62 

} j • • • 

D (West) 

8 

31 

8 

37 

8 

46 

8 

34 


— 

8 

47-5 

De Bilt 

H 

8 

33 

8 

42-6 

— 

— 

8 

31 6 

8 

37-39 

8 

46 

Seddin 

W 

8 

31 

8 

42-6 


— 

8 

36 


— 

8 

47 

Eskdalemuir 

N 

8 

34 

8 

42-6 

8 

62-6 

8 

31-6 

8 

37-39 

8 

46 


W 

8 

31 

8 

37 

— 


8 

33-36 

8 

38 

8 

47 

Sitka 

H 

— 


8 

40 

8 

48 

8 

34 

8 

43 

8 

62-6 


The oscillations were nowhere very prominent, and the curves near the turning 
points were in general rounded and sometimes flat, so that in many cases it was difficult 
to assign very definite times. It appeared clear, however, that we had to do with a closely 
parallel set of movements at the different stations, having presumably a common origin. 

A small but unusually distinct oscillation with a period of about 45 seconds was 
visible at about 9 h. 7 m. as follows : — 

At Honolulu, with amplitude of 2y in H, 

At Tucson, with amplitudes of 2y in H and 2y in D, 

At Cheltenham, with amplitudes of ly in H and 2y in D, 

At Sitka, with amplitudes of 2y in H and 5y in D. 

The quick run was started too late in the Antarctic, so that the commencement 
of the first hour is unrepresented in Plate XVII. A prominent feature there in the 
traces of aU three elements, especially E', is a series of oscillations during a few minutes 
immediately before and after 10 h. These were accompanied by a marked rise in both 
N' and E'. Oscillations very similar to these occurred apparently simultaneously at 
the following stations : — 

Honolulu in H (accompanied by a rise of force) ; 

Tucson in H (accompanied by a rise), and also less prominently 

in D (accompanied by westerly movement) ; 

Cheltenham iu H (accompanied by a fall), and also to a minor extent 
in D (accompanied by westerly movement) ; 

Sitka in H (accompanied by a rise), and also very prominently 

in D (accompanied by slight easterly movement), and even visibly 
in V (accompanied by a rise). 
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These oscillations are not distinctly recognisable at Pilar or Alibag, or at any of the 
European stations. 

During the greater part of the two hours, especially the later part, pulsations with 
a period of about 15 seconds are clearly visible in the N and E traces at Eskdalemuir, 
and in the H traces at Cheltenham and Stonyhurst. They are not visible in the 
Antarctic or Pilar traces, and whilst small irregular oscillations occur at intervals 
in the Sitka H and D traces, they seem to be of a different type. 

December 18, 1911, lBh.-2Qh. 

Seciion 68. — The Antarctic cixrves are reproduced in Plate XVIII. They show a 
very deep and symmetrical bay in N' and E', the changes in the two elements being 
nearly in phase throughout. The movements in the Antarctic were of quite a different 
order from those recorded elsewhere, even at Pilar, where D had a range equivalent 
to 23y. 

The curves other than those for the Antarctic make little appeal to the eye, and 
so have not been reproduced. They would add little to the information given by 
the numerical data derived from the measurements at 5-minute intervals. In this 
case presumably the disturbance was of a comparatively local character. There were, 
however, between 19 h. 36 m. and 20 h. small pulsations with a period of from 
30 to 60 seconds in the D and H curves at Sitlca, which are doubtfully represented in 
the H trace at Pilar and possibly even in the E' Antarctic trace. 
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CHAPTEE X. 


DISTUEBAXCBS IN GENERAJL. "SUDDEN COMMENCEMENTS,” 

Section 69. — ^Let us suppose tliat an electric current in a fixed c-rouit gradually 
starts from zero, increases to a maximum and then gradually falls to zero, and that 
within its range of sensible magnetic action no part of space contains matter of sensible 
electrical conductivity or magnetic quality, then the magnetic field at any given point 
will gradually rise from zero, attain a maximum and again faU to zero. The magnetic 
force vector would have a fixed direction and vary only in intensity, in other words 
the components of the magnetic field due to the current at the point would throughout 
the whole time stand to one another in a constant ratio. 

The earth, at least near the surface, is a poor conductor of electricity, but not 
an absolute non-conductor, and its material is not whoUy devoid of magnetic quality. 
Thus even if an external electric current pursued a fixed path, complications in the 
magnetic phenomena might arise from induced electric currents. 

The larger magnetic storms in this country are usually accompanied by visible 
aurora, and presumably the electrical discharges of which aurora is supposed to consist 
are associated with if not identical with the currents to which the magnetic storms are 
due. Uniformity in brightness or fixity of position are at least unusual in auroras, 
thus a priori we should hardly expect fixity of direction to be a general characteristic 
of the magnetic vector during disturbance at any place. 

At times, however, oscillations present themselves in one or both of the horizontal 
components of force, occasionally even in the vertical component, which show at least 
an approach to the ideal state of things first mentioned, i.e., they answer at least 
approximately to a vector fixed in position. A few instances of this kind were described 
in my discussion of the Antarctic Expedition of 1902-04. Mr. L. F. Richardson has 
described a considerable number of oscillatory movements of this kind at Eskdalemuir 
to which he has given the name of K movements. In general, in my experience, if 
one examines the curves minutely, one finds that the two traces relating to forces in 
the horizontal plane — at most stations declination and horizontal force traces — do not 
remain strictly iu phase for any length of time. Investigation of this point is difficult, 
owing to the fact that ordiuarily one minute of time is represented by only from 0 • 26 
to 0 • 3 mm. of abscissa, while the traces from the two horizontal components usually 
differ somewhat in definition or in width. Also the amplitudes of what appear to be 
corresponding movements in the two horizontal components are often so different that 
the eye does not readily notice small differences in phase. When one deals with 
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corresponding records from a number of stations, the question of identity in phase is even 
more difficult. At a single station the D and H curves usually have their time marks 
dependent on the same clock, so that clock error affects the two alike ; also the abscissae 
corresponding to one hour of time are usually nearly if not quite identical. But the D 
traces, for example, from two difierent stations are affected by different clock errors, 
and there may weU be an uncertainty of the order of 1 minute in any identification of 
times. Then the equivalents of one hour of time are seldom identical. There is a big 
difference between the ordinary Kew pattern magnetograph, with about 16 mm. to the 
hour, and the ordinary Eschenhagen pattern with about 20 mm. to the hour, and there 
are usually small differences between instruments of the same pattern. Thus 
superposing one curve — or a tracing of it made on transparent paper — on a second 
curve is not so helpful as it would be if time scales were everywhere identical. In 
many cases — believe in most cases — where the D and H traces at a station seem to 
remain in phase throughout the whole of an oscillation, there is only an approach to 
identity in phase, and the direction of the vector really varies somewhat. 

By treating the vectorial direction as constant during an oscillation, one may of 
course only be leaving out of account some small secondary disturbance, a non-essential 
and merely disturbing factor. It may be a case, so to speak, of sifting the chaff from 
the wheat. I have preferred, however, to follow the same course as I adopted with 
the Antarctic curves of 1902-03, treating to and fro movements separately. In the 
great majority of cases the to and fro movements in the Antarctic oscillations were 
conspicuously different in amplitude and in duration. 

After examining the Antarctic curves I selected a number of representative 
disturbances, and sent a list of them to various observatories, asking for copies of 
some or all of the corresponding traces. In reply most generous contributions of curves 
were received from the following observatories : Agincourt (Toronto), Alibag (Bombay), 
Buitenzorg (Java), Helwan, Honolulu, Maimtius and Sitka. Particulars wore also 
supplied in all cases as to the scale values of the curves. The original Eskdalemuir 
curves were put at my disposal by the Director of the Meteorological Office. Eight 
stations, of course, cannot well represent the whole world, but the material received 
required a great deal of time for adequate consideration. 

Section 60. — The first disturbances which I propose to consider are of the t 3 ?pe 
known as " sudden commencements,” or s.o’s as I shall call them for brevity. They 
derive their name from the circumstance of their occurrence on those occasions when 
they appeal most to the eye. On the occasions referred to the curves have been quiet 
for some hours, nothing in their appearance suggesting a termination of quiet conditions. 
Then suddenly a sharp movement begins, which in low and middle latitudes is normally 
much largest in H. In the course of five minutes H may have risen 60y or more. A 
considerable proportion of the very largest magnetic storms are preceded by these 
movements, and they are not unnaturally regarded as precursors or commencements 
of the storm. 

When one looks closely into the subject a number of points present themselves. 
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In some cases the s.o. is immediately followed by highly-disturbed conditions. In other 
cases some hours elapse before any further large movement occurs. The conditions 
for some time after an s.c. are practically always less quiet than before, but in a third 
class of cases nothing follows during the next 24 hours even distantly approaching 
a magnetic storm. In this third class of cases the s.c. may be itself the largest 
movement that occurs, and it is sometimes almost an isolated movement in the middle 
of a decidedly quiet piece of curve. In all three cases alike the s.c. is essentially a 
universal phenomenon, appearing at all stations it would seem simultaneously so far 
at least as ordinary magnetographs permit us to judge — and large enough to be 
recognisable in ordinary magnetograms. If, however, we examiue carefully all the 
magnetograms at a single station we find in an average year a considerable number of 
movements so similar in appearance to s.c’s that without recourse to the curves of other 
stations we could not distinguish them with certainty from ordinary s.c s. They are 
excluded from that category simply because they are not represented at distant stations. 
For instance, a careful search through the Eskdalemuix curves from March 13, 1911, to 
November 26, 1912, disclosed 102 movements which seemed possible s.o’s ; but only 
about one-fifth proved undoubted s.c's. One or two of the Eskdalemuix movements 
that proved to be universally represented were less like the typical s.c. than others 
which were not represented at a distance. 1911 and 1912 were quiet years, few 
disturbances occurring at Eskdalemuix worthy to be called magnetic storms, and the 
s.c’s preceding one or two of the largest Eskdalemuix disturbances presented features 
that were abnormal, or at least which would have been deemed abnormal in Kew 
curves in past years. Unfortunately artificial disturbances are now so large at Kew 
that the smaller features of natural movements cannot be made out satisfactorily. 

In temperate and still more in tropical latitudes the outstanding feature in an s.c. 
is the rise in H. At Bombay, for instance, this is the one thing that appeals to the 
eye, and the movement seems generally if not always unidirectional. At Kew the 
rise in H is still in general the principal feature, but a smaller previous movement of 
shorter duration in the opposite direction is sometimes clearly seen, and is frequently 
suggested. The tendency to oscillation seems decidedly greater at Eskdalemuir than 
at Kew. In the Antarctic curves of 1902-03 I found only 4 or 6 s.c s, mostly 
incomplete through loss of trace, but in all the oscillatory character was pronounced. 
The oscillatory nature of the movement in the Antarctic is abundantly confirmed by 
the curves of 1911—12, every s.c. observed being oscillatory. There were 13 in all 
for which two at least of the co-operating stations sent copies of traces. These 13 s.c s 
as shown by the Antarctic curves are reproduced in the upper part of Plate XIX. 
Only a short portion of curve is given in each case. The first movement, though 
usually considerably the smaller, is by no means negligible, either in amplitude or 
duration, compared with the second. 

The curves are tracings of the originals and are shown natural size. The time 
scale was very approximately 20 torn, to the hour throughout. If we suppose our 
base line at the bottom of the sheet, the top curve represents what we have called 
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E', the element increasing up the sheet. If we suppose the other two elements 
also to increase up the sheets the middle curve represents what we may call 
N' (N' = — S' of our previous notation), and the lowest curve is the vertical 
force acting on the north pole of a magnet in the direction towards the earth’s 
centre. The scale value for E' was 1 mm. = 6’46y tliroughout. In N' the equivalent 
of 1 mm. was 8-8y on April 8, April 9 and May 29, 1911 ; 8-ly on June 9 and 
June 30, 1911 ; and 6'82y in all the later curves. In V the equivalent of 1 mm. was 
7'61y in the first 10 cases, and 7-92y on January 17, September 30 and October 20, 
1912. In every case except October 2, 1911, the turning point between the first and 
second movements of the s.c. was as near as could be judged simultaneous for the three 
elements, but in the most favourable case differences in phase less than 0-6 minute 
could not have been detected with certainty. 

As abeady remarked, if we take a tropical station like Bombay the principal 
movement in H is always in one direction, but amongst the Antarctic s.c’s recorded 
in 1902-03 there were two in which the fall in H preceded the rise, and two in which 
the rise preceded the fall. This variability of dbection is also in evidence in 1911-12. 
The two types are best represented by the two earliest s.c’s in Plate XIX, occurring 
respectively on April 8 and April 9, 1911 . On April 8 the second and larger movement 
is up the sheet, but on April 9 it is down the sheet. The type exhibited on April 9 is 
the less usual. The s.c. of September 30, 1912, is a second clear example of this type. 
It is also clearly represented by the s.c. of June 30 so far as E' and V are concerned, 
but short-period oscillations were in progress in N' at the time, and the identification 
of the movements representing the s.c. might be questioned. The other movements 
were unmistakably of the same type as the s.c. of April 8, with two partial exceptions, 
the s.c’s of October 2, 1911, and January 17, 1912. On October 2 the E' movement 
was clearly of the dominant type. The V movement seems also of that type, though 
again, in presence of other short-period movements, identification may be a little 
doubtful, but the N' movement was peculiar. 'The first movement was undoubtedly 
up the sheet (as on April 9), but it continued after the E' and V movements had reversed, 
and the return movement down the sheet was synchronous with part of the rise and 
all of the subsequent short fall seen in the B' and V traces. On January 17, 1912, the 
turning points in the three elements apparently synchronised, but the N' movements 
were dbectly opposed to the others. 

The order in which the traces come in Plate XIX with E' at the top and V at 
the foot is that usual in the original curves. It has tlie subsidiary advantage of 
putting at the top the element in which the s.c. movement is usually largest. 

Section 61. — ^Before discussing the Antarctic s.c. movements further, it is desirable 
to consider the general character of the simultaneous movements recorded elsewhere. 
The lower part of Plate XIX and Plates XX to XXVII show side by side the Antarctic 
movements and the corresponding movements, so far as the curves were available, from 
Buitenzorg(near Batavia, Java), Abbag (near Bombay), Honolulu, Helwan, Eskdalemuir 
and Sitka. The curves are all tracings of the originals or of photographic copies 
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of these. The stations are arranged in order of latitude from South to North. Copies 
were also received of many of the s.c’s from Agincourt (near Toronto) and Mauritius. 
But at Agincourt vertical force was not represented, and rapid movements in the D 
and H traces were usually faint and difficult to copy. The Mauritius curves were 
not received until after the work for the other stations had been completed, and 
they are of an imusual type and so do not readily lend themselves to optical com- 
parisons with other stations. 

The curves are all shown natural size, and up the sheet represents in each case the 
same direction as in the original curve. The scale values are indicated by lines whose 
length represents 50y. At Buitenzorg and Eskdalemuir the top curve represents N and 
the middle curve E. At the other co-operating stations they represent respectively 
H and D. At Buitenzorg declination was less than 1° East, so the difference between 
H and N or between D and E was .microscopic. The lowest curve in all oases 
represents V. 

The direction of the arrow shows the direction of increase of N (or H), of E (or 
easterly declination), and in V of downward directed force on a north pole. At all 
the stations movement up the sheet represents increasing horizontal force or increasing 
north component. Movement up the sheet represents diminishing easterly declination 
at Honolulu and Sitka, and increasing westerly force at Eskdalemuir. At the other 
stations it represents increase of easterly force or easterly declination. At Buitenzorg 
the south pole dips, but movement up the sheet represents a numerically diminishing 
vertical force, i.e., a force tending to reduce the southerly dip, and so attracting the 
north pole downwards. At Honolulu and Sitka the north pole dips, but movement 
up the sheet represents numerically diminishing vertical force. 

It is important to notice the difference in scale values between corresponding 
curves at the different stations, and between the different curves at the same station. 
The scale value of a declination magnetograph is usually given in angular measure. 
If, however, AD denotes the angular change in declination corresponding to 1 mm. 
of ordinate at a station where H is the horizontal force, the corresponding 
scale value in terms of force is 1 mm. = HdD. For instance, at Agincourt, 
1 mm. = l'-281, and, taldng H = '1597 as a sufficiently approximate value during 
1911, we get in terms of force 1 mm. = 1‘281 X ’000291 X -1597 = 6’96y. 
The angular scale value being determined by the distance between the magnet mirror 
and the drum on which the photograpliic paper is woimd, is practically constant. Thus 
the D scale value in terms of force varies as H changes, and so is slightly affected by 
ordinary secular change. For ordinary purposes D scale values may be regarded as 
constant for several consecutive years, and they are as a rule much less variable than 
those of H or V. With the exception, however, of Sitka, the scale values of the H and 
N magnetographs varied but httle. 

The relatively large size of the H or N s.c. movement appeals to the eye in most 
of the plates, especially at Buitenzorg, Alibag, Honolulu and Helwan. But at the 
last three of these stations the comparative insignificance of the D movement is partly 
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due to the contracted natiuee of the D scale. Magnetographs were originally designed 
with an eye to European conditions. A D magnetograph having 1 mm. = 1' of arc — 
a very common sensitiveness in Eschenhagen instruments — ^would have at Kew a 
force sensitiveness of 1 mm. = 6-3y, a fairly convenient value for ordinary purposes. 
But if removed to Bombay it would give 1 mm. = 10 • 6y approximately, which is far 
from sensitive enough considering tropical conditions. 

S.c’s seem to have been regarded by Prof. Kr. Birkeland as a form of what he called 
“equatorial perturbations,” a species which he believed to be specially developed 
near the equator. At first sight this supposed pre-eminence at the equator may seem 
to be confirmed by the plates, but this is not really the case. The prominence at the 
stations nearest the equator, especially Buitenzorg and Honolulu, is due to the very 
open scale possessed by the N and H curves at these stations. When we allow for the 
scale value, the amplitude, as we shall see presently, is much larger in the Antarctic 
than elsewhere. 

Section 62. — ^There is another feature of s.c’s— most in evidence in low latitiades — 
which is well illustrated in some of the plates. On April 8, 1911, for instance, it is very 
clearly seen at Buitenzorg. After the sharp initial rise, N very shortly begins to fall, 
but it remains conspicuously above its original value for nearly an hour, and then falls 
almost as suddenly as it originally rose. This gives the curve a sort of crested 
appearance. While details of the smaller movements on April 8 differ at the different 
stations, a crest in the H curve generally similar to that in N at Buitenzorg is prominent 
at Alibag, Honolulu and Helwan, and there is at least a suggestion of a crest in the 
Antarctic in E', at Eskdalemuir in N, and at Sitka in H. The occasions when the 
crested appearance is most in evidence are June 9 (at Buitenzorg, Alil)ag, Honolulu, 
Helwan and Eskdalemuir), Augvist 19 (at Buitenzorg, Alibag, Helwan, Sitka, and less 
clearly Eskdalemuir) ; December 10, 1911 (Buitenzorg, Alibag, Honolulu, Helwan and 
Eskdalemuir), and especially September 30, 1912 (Buitenzorg, Alibag, Honolulu, 
Helwan and Agincoiu’t). In other cases tliere are indications of a crest, but it is obscured 
by other movements. Tims on January 17, 1912, it is recognisable in the N and IT 
curves, but is partly masked by a progressive movement down the sheet at Buitenzorg 
and up the sheet at Alibag, Honolulu, Helwan and Eskdalemuir. The crest will seldom 
be recognised in the plates, except in the IT and N curves, but it can usually be 
detected on minute inspection of the Alibag D and V curves. J?he definition of the 
copies of these curves was exceptionally good, and they stood microscopic examination. 

The end of the crest, though fairly definite, is not as clearly marked as the 
commencing movement. Thus perhaps all we can say with certainty is that the 
duration of the crest is at least very approximately the same at all the stations. In 
the plates it looks shorter at Alibag and Helwan than at Buitenzorg and Honolulu, 
but that arises simply from the difference in the time scales. 

So far as I am aware, Dr. Moos, Director of the Government Observatory, Bombay, 
was the first to notice the phenomenon of the crest, and he dealt with it at considerable 
length in his most elaborate work, ‘ Bombay Magnetic Observations, 1846-1906,’ 
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the most complete discussion with which I am acquainted of the results from any one 
magnetic observatory. The phenomenon seems especially clearly shown at Bombay, 
and Dr. Moos reproduces a good many examples of it, some distinctly more striking 
than those occurring in 1911 or 1912. Dr. Moos apparently divides s.c’s into two classes, 
according as they are or are not followed by large disturbances. In the former case, 
at Bombay as elsewhere, the normal course is for H to become considerably depressed 
towards the end of the storm. In the latter case at Bombay there is little if any 
depression, and practically the sole evidence of disturbance may be a crest such as that 
of September 20, 1912, the curve becoming normal again or nearly so after the crest 
disappears. Dr. Moos seems disposed, for reasons I cannot altogether follow, to 
associate the crests and their preceding s.o’s with special seismic conditions in the 
earth’s interior. While the crested condition is undoubtedly most easily recognised 
in cases where the s.c. is not followed by a large storm, it seems fairly conspicuous in 
other oases. On April 8, 1911, for instance, a crest, though comparatively short 
lived, is clearly apparent, and though the largest movements of the ensuing magnetic 
storm did not occur for several hours afterwards, there was very considerable intervening 
disturbance even at Buitenzorg and Alibag. The Antarctic curves show that during 
the existence of crests magnetic disturbance is specially active in those regions where 
it is usuaEy most prominent. 

The circumstances of the crest do undoubtedly recall the suggestion that has been 
made by Profs. Bkkeland and Stormer that a gigantic ring of electrons at a great height 
in equatorial regions might come more or less suddenly into operation. Its supposed 
presence has been invoked by Prof. Stormer to account for some of the phenomena of 
aurora and magnetic storms. If the path of ions emanating from the sun be calculated 
it is found that none should get to any great distance from the earth’s magnetic poles 
unless either their velocities are higher than those observed in our laboratories, or their 
approach to equatorial regions is assisted by some extraneous magnetic field. Electrons 
describing circular orbits at a great height in equatorial regions would supply the sort 
of extraneous field desired. The field they would produce at the earth’s surface would 
be similar to that caused by a circular current encircling the equator. It would thus, 
if exactly in the astronomical equator, show itself by a rise or fall in the N component. 
Near the equator the declination is everywhere small, so that of H and D the former 
would be the element chiefly concerned. The existence of a crest seems at first sight 
to fit in admirably with this theory. But it must be remembered that even when 
the crest is associated with a large magnetic storm, it is as a precursor rather than as 
a concomitant ; also, as Dr. Moos has shown, crests are in many cases not even 
precursors of large storms. 

. Section 63. — As I have explained in considerable detail elsewhere, appreciable 
uncertainty prevails in general as to the exact time of commencement of s.o’s, and the 
exact equivalence of movements in the curves of the different elements. At some 
stations the time marks appear on the base lines, at others on the curves themselves. 
In the former case there may be parallax to allow for between the curve and its base 
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line, i.e., the line connecting synchronous points on the curve and base line may not 
be strictly perpendicular to the latter. When the relative positions of the curve and 
base line are clearly visible at the beginning and end of the day’s trace, parallax can 
be measured and allowed for. But the copies of the disturbed curves supplied only 
sometimes included a stopping or starting point, and some of the curves which included 
such a point were too faint or too poorly defined near their extremities to admit of any 
exact measure of parallax. When the time break comes in the curve itself the trace is 
of course lost while the light is interrupted. This is annoying when the break happens 
to come on, as it did in one or two cases of s.c’s, while an interesting movement is in 
progress. The loss when the interruption extends to 3 or 4 minutes — a customary 
duration — ^may be serious. To reduce this source of loss, the interval has been much 
reduced at some stations, e.g., De Bilt and Eskdalemuir ; but this sometimes results 
in the break not being clearly visible, especially in copies of the original curve. Thus, 
spealring generally, copies of curves, even photographic copies, are seldom suitable 
for fixing times of movements with very high precision. Usually s.c, movements, 
especially those in the H trace, can have their times assigned with at least as high 
precision as any other type of movement. But in the case of the Mauritius cvirves they 
suffered exceptionally from a peculiarity in the method of registration adopted there. 
In addition to the hour marks, which are broad and go right across the trace, there 
appear in the photograph a series of lines running parallel to the base line, and 
representing a scale which may represent millimetres, or minutes of arc, or any other 
unit of ordinate thought desirable. In every case the face of the steep slope on the H 
trace representing an 8.c. movement was out by at least one, more usually two, of these 
lines. Wherever such an intersection took place, the definition suffered. The 
consequence was that in most cases no very exact time could be assigned to the duration 
of the movement, and in many cases the same remark applies to the commencement. 
A further trouble was that the distance between consecutive 2-hour breaks was 
markedly different for the D and U curves. In some cases, while an s.c, movement 
was of quite considerable magnitude, no movement whatever could be detected in the 
Mauritius D trace. In otlier cases a small movement could be seen, but, according 
to the time marks — i.e., assuming the rate of rotation of the drum uniform between 
any two consecutive marks — ^it followed several minutes after the H movement. Any 
results as to the azimuth of the force vector in the horizontal plane would liave been 
too uncertain at Mauritius, and no such data appear in the following tables. There 
were no V traces from Mauritius. 

In the Antarctic at the times of the s.c’s the curves were generally sensibly on 
the slope, and more often than not oscillatory as well ; still the two movements which 
there constituted the s.c. were usually so large that the change in the slope of the curye 
was conspicuous. At other stations it was often hardly possible to say whether the 
principal movement in H, or N, was or was not preceded by a smaller and much shorter 
movement in the opposite direction. 

Whether the D (or W) and V movements were unidirectional was a still more 
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troublesome question. At some stations, e.g., Alibag, tbe D and V movements ovring 
to the insensitiveness of the magnetographs were usually microscopic. At Eskdalemuir 
the usual change in V was a fall, but owing to the low sensitiveness some appreciable 
time elapsed before it became big enough to catch the eye. 

As a preliminary to the plates the photographic curves had to be traced on trans- 
parent paper, using for guidance a penoU line perpendicular to the time line and intended 
to correspond exactly to the commencement of the s.c. Any error in setting the original 
curve to this line was equivalent of course to shifting the trace of one of the elements 
bodily relative to the others. For instance, an error of 0 • 3 mm. of this kind in, say, a 
Sitka curve would result in associating aU incidents in the curve concerned with incidents 
in the other curves which reaUy happened one minute earlier or later, according to the 
direction of the misadjustment. Thus while every reasonable care was taken, the plates 
are intended to give correct general ideas, but not to afford means of measuring times 
with absolute precision. In arriving at the times of commencement given in the 
discussion of the individual s.o’s, special weight was given to the Eskdalemuir 
curves, as these were originals. 

A 2 >ril 8, 1911, Plate XIX. 

Section 64. — The time of commencement was about 11 h. 21 m. G.M.T. During 
the previous twelve hours conditions had been everywhere ordinarily quiet. Sometime 
previous to the s.c. a gradual but considerable rise commenced in H or N at most of 
the stations, which is particularly conspicuous in the open scale curves at Buitenzorg and 
Honolulu. This had, however, slackened a little, and the s.c. represented so much 
more rapid a change that the commencement is very clearly shown at all the stations 
where the photographic paper was sensitive enough. 

In the Antarctic, where there were two large movements in opposite directions, 
the commencement and the two subsequent tinning points being clearly shown, the 
three elements seemed to be in phase. After these two movements, which are regarded 
as constituting the s.c., a less rapid movement tended to restore the elements to their 
undisturbed values, but oscillations ensued. In E' the crest seems to be distinctly 
represented, being terminated by a large movement down the sheet, which seems to be 
S 3 mchronous or very nearly so with movements down the sheet in the N or H curves 
at the other stations. These terminating movements commenced a little within an 
hour after the s.c. began. 

At Mauritius, as generally elsewhere, H was rising at the time, but the rate suddenly 
accelerated, just as at Alibag, a rise of about 21y occurring in 2 or 3 minutes. But 
instead of attaining a peaked summit immediately as in the Buitenzorg N curve, or a 
nearly flat plateau as in the Alibag H curve, the Mauritius H trace shows a rise 
continuing for about 15 minutes. The slope, though much reduced after the first 2 
or 3 minutes, was quite considerable, the total rise during the 15 minutes amounting 
to 32y. After 15 minutes there was a gradual fall, but a crest remained which terminated 
in much the same way as at Alibag. During the very rapid part of the initial rise in H 
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the D trace showed a very sKght westerly movement, but the slope of the curve seemed 
the same as for some time before the s.c. movement began. Then after the s.o. move- 
ment in H had changed into the much slower rise, the D trace showed a pretty rapid 
movement to the east equivalent in force to about 6y. After remaining almost level 
for 10 minutes, a reverse movement followed to the west, so that the curve showed a 
small bay. 

In the original N curve at Buitenzorg there was in reality no trace visible between 
the commencement and the attainment of the summit shown in Plate XIX. The 
restoration of the missing part by a straight hne is supported by the phenomena at other 
stations in low latitudes, but is conjectural. The principal movement must obviously 
have been a rise, but it may possibly have been preceded by a small movement down 
the sheet. The movement in E at Buitenzorg is clearly oscillatory, a small almost 
instantaneous rise of E being followed by a larger fall. Whether the earlier movement 
preceded or synchronised with the early part of the apparently unidirectional movement 
in N is imcertain. The V trace at Buitenzorg was going up the sheet at the time. 
The terminal part of this movement is steeper than the rest, and might be part of the s.c. 
It is followed by a sharp small movement down the sheet, and this by a much larger, 
gradually slackening, movement up the sheet. This final V movement certainly answers 
in part to the recoveries shown by N and E, which have not been regarded as part of 
the s.c,, but it seems natural to regard the s.c. movement in V as oscillatory. 

The Alibag, Honolulu and Helwan H curves are clear. No trace of a preliminary 
inverse movement can be seen in them. The same is true of Agincourt, so far as can 
be seen. At Alibag the s.c. seems represented in D and V by a small sharp movement 
down the sheet. The subsequent movements up the sheet represent a recovery which 
set in almost at once, but did not for a considerable time bring the elements back to their 
undisturbed position. Nearly an hour after the s.c. there are synchronous movements 
in the H, D and V curves, which seem to mark as it were the close of the incident. The 
result is to leave a sort of shallow ravine or valley in the D and V curves corresponding 
in time with the crest in the H curve. 

At Honolulu the D trace shows a very small oscillation first to east then to west ; 
it is the latter which seems to synchronise with the rise in H. The s.c. movement 
in the V trace was down the sheet, but this represents an inwardly directed force on 
a north pole, and not an outwardly directed force as at Alibag, and there is a rapid 
recovery. 

The movements at Helwan were very similar to those at Alibag. At Agincourt 
the principal (westerly) movement in D was preceded by a rapid smaller movement 
to the east. 

At Eskdalemuir the N movement was undoubtedly oscillatory and unusually 
complex. There was first a very rapid small rise, followed by a stiU more rapid and 
larger faU, the two movements being over in about a minute, and only then occurred 
the main movement, a rise in N. The appearance of the curve suggests a continuous 
succession of small rapid oscillations, superposed on a principal movement. If the 


212 



curve stood alone, it would not suggest a crest, but tbe equivalent of what is a crest 
at Helwan and AHbag is easily recognised. The E curve shows oscillations like the 
N curve. A very rapid movement up the sheet preceded a larger but similarly rapid 
movement down the sheet. This was followed by a larger movement up the sheet 
which took place j erkily . This movement partly corresponded in time with the principal 
rise in N, but it continued, though at a slower rate, for some time after the N movement 
had ceased. The V movement was oscillatory, but the first movement up the sheet 
was so small it is hardly visible, and during the subsequent movement down the sheet 
there was at least a suggestion of further minor oscillations. 

At Sitka the commencing movement in H was distinctly oscillatory, a small and 
rapid fall preceding a large rise. At the same time there had been a number of small 
oscillations during the previous hour, and it is possible that the first movement arose 
from the same source as these. After the s.c. proper, the H trace exhibited numerous 
small oscillations, like the N trace at Eskdalemuir. The commencing D movement 
was also oscillatory, the second and larger movement up the sheet corresponding with 
the large rise in H. The principal V movement at Sitka was down the sheet, representing 
as at Honolulu an inwardly directed force on a north pole. But it seemed to be preceded 
by a very small rapid movement in the opposite direction. 

The general description will have made it clear that at most stations it was difficult 
to say whether the different elements were in phase or not. This rendered it very 
difficult to draw conclusions. The following table shows the results considered most 
probable after a careful measurement of the curves. H stands for the horizontal 
component of the vector to which the movement could be assigned, T for the total 
force (i.e., the resultant of H and the vertical component). 

xjf is the inclination of H to astronomical north, coimted from 0® to 360® through 
East (90°). X is inclination of T to the horizontal plane. The letter a denotes 
that the force on the north pole lay above, 6 that it lay below the horizon. The estimated 
durations depended mainly on measurements of the H and N curves. 


Table CXVIII. — S.c. Movements on April 8, 1911. 


Station. 

Movement. 

H. 

T. I 


X' 

Duration. 



y 

y 

0 

0 

Minutes. 

Antarctic 

First 

111 

114 

269 

12 a 

2 

s. 

J? 

Second 

227 

237 

72 

16 6 

3 

Mauritius 

Principal 

21 

— 

— 

— 

2 

Buitenzorg 

S) 

62-9 

63-1 

347 

4: a 

3 

Alibag 

)f • . • 1 ... 

40-6 

42-0 

342 

16 a 

2 

Honolulu 


31-6 

34-2 

6 

22 b 

2-6 

Helwan 

5} ... ... 

42-2 

43-9 

343 

16 a 

4 

Agincourt 


31-4 

— 

328 

— 

61 

Eskdalemuir 

First 

11-0 

11-2 

316 

10 6 

0-6 

ff 

Second 

48-6 

48-7 

130 

6 a 

1-6 

ft 

Principal 

66-2 

66-3 

319 

4 a 

4 

Sitka 

First 

16-2 

16-3 

134 

6 a 

0-6 

... ... ... 

Principal 

83-3 

83-9 

367 

7b 

2-6 


0 3 
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Tlie s.c. itself was of considerable magnitude, and disturbed conditions continued 
after it ; but the principal movements, constituting what might fairly be termed a 
magnetic storm, did not appear until 8 or 10 Lours had elapsed. They continued until 
about 24 hours after the s.c. They were especially large at Agincourt and Sitka, the 
latter station being even more disturbed than the Antarctic. The storm is discussed 
later in Section 92 and Table CXLII. 

AfrU 9, 1911, Plate XX. 

Section 66.— The s.c. began about 22 h. 21 m. on April 9, 1911. The magnetic 
storm of the previous day had fairly subsided about 8 hours before. At some 
stations, especially Buitenzorg, Honolulu and Helwan, conditions were distinctly quiet 
when the s.c. occurred. 

In the Antarctic there were small oscillations going on at the time, but they were 
too small to obscure the phenomena. The s.c. movement was clearly oscillatory, the 
first movement up the sheet being followed by a larger, equally rapid, movement down 
the sheet. The times of commencement and the end of the first movement seem the 
same for the three elements. The end of the second movement is more difficult to 
assign, owing to the minor osciUations. The downward movement in V ceases when a 
slackening appears in the rate of fall of N'. If we talce the lowest point m the V curve 
as the end of the second movement, it lasted about 3^ minutes ; whereas if we take the 
lowest point in the N' curve, it lasted about 7 minutes. There are turning points in 
the B' curve at both these times, the later giving somewhat the larger range. 

At Mauritius the movement showed no sign of oscillation. In addition to the 
ordinary sharp rise in H of about IGy, in about 6 minutes, there was in D an easterly 
movement, equivalent in force to about Gy, which appeared synchronous with the 
movement in H. The PI trace showed a distinctly crested appearance for about an 
hour after the s.c. 

At Buitenzorg in the original curves there was some interference of the N and V 
traces, and it is just possible that the large N movement up the sheet was preceded 
by a small movement in the opposite direction, as the V trace would have hidden any 
such movement. So far as one can see, there was a unidirectional movement in N up 
the sheet, lasting about 4 minutes, during which the B trace made a short excursion 
down the sheet, and a longer and larger excursion up the sheet, reaching its summit 
simultaneously with the N trace. The V trace is also distinctly oscillatory, but each of 
the two movements took longer than the apparently corresponding B movements. 
The summits of the three curves are all a little rounded, especially that of V, so that 
the values of the different elements answering to the summits may fairly be regarded 
as corresponding. Comparing these with the values prior to the s.c. we get a measure 
of the change of field, but it must be recognised that the vector deduced does not 
represent a disturbing force fixed in azimuth. 

The Honolulu curves were exceptionally clear, and they show no sign of oscillation 
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in tke s.o. in H and D. Tlie H curve started rising very steeply, the first half of the rise 
taking much less time than the second. The small rise ia the D curve, and the fall in 
the V curve seemed to be completed during the first half of the H rise, but during the 
remainder of the time when H was rising, the changes in D and V were so small as to be 
comparatively unimportant. Still the elements can hardly be said to have been in 
phase. 

At Helwan a decided recovery from the s.c. movement set in almost immediately, 
but the s.c. itseh was apparently unidirectional in all three elements, and they may 
fairly be said to have been in phase throughout. 

At Agincourt the H and D curves were decidedly oscillatory, the second movement 
being considerably the larger. A peculiarity was that the second movement in the D 
curve continued for a minute or two after the second movement in H had ceased, and 
a rapid movement in the opposite direction had set in. 

At Eskdalemuir the phenomena were peculiar. The N curve which for some time 
had been level showed a pretty steep rise, in which some very small oscillations can 
be seen. This went on for about minutes during which the E trace went 
slightly down the sheet, while no movement is recognisable in V. Then suddenly 
the N movement up the sheet greatly accelerated, the E movement reversed and the V 
trace went down the sheet. It is presumably the second movements in N and E, and 
the movement in V that represent the s.c. The faU in V really continued without 
sensibly slackening for a minute or two after the summits in the N and E curves were 
reached, and after being level for a short time the curve continued down the sheet for a 
considerable time before any recovery set in. 

At Sitka the s.c. movement was distinctly oscillatory in H and D, and apparently 
so also in V, but the first movement in V is not very decided and may proceed from some 
separate source, as the curves were not free from minor oscillations when the s.c. began. 
The first movements in H and D seem to synchronise, but the second movement in D 
was reversed before the H curve reached its summit. The end of the second movement 
in D synchronises with a marked slackening in the rise of H and with the summit of 
the V curve, and seems on the whole the most natural point to accept as the end of 
the s.c. The fuU summit of the H curve synchronises apparently with the end of the 
rapid part of the third movement (westerly) in D. If it were taken as the end of 
the s.o. the difference in the estimate of the azimuth of the disturbing force would be 
considerable. 

Table CXIX represents the results derived from the measurements made on the 
curves, the notation being the same as in Table CXVIII. 
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Table CXIX. — S.o. Movements on April 9, 1911. 


Station. 

Movement. 

s: 

T. 

rjt. 

X‘ 

Duration. 



7 

V 

o 

0 

Minutes. 

Antarctic 

First 

60-9 

62-6 

69 

13 b 

2 


« ^ f 

148 

160 

216 

10 a 

3 

>> ... 

Second ... < 

or 181 

182 

226 

7 a 

7 

Mauritius 

Principal 

17 

— 

— 

— 

6 

Buitenzorg 

,) 

19-1 

19-3 

11 

9 h 

4 

Honolulu 

... ... 

14-7 

16-3 

369 

16 h 

3 

Helwan 


34-2 

36-9 

346 

18 a 

4 

Agincourt 

First 

11-4 

— 

137 

— 

1-6 


Principal 

67-9 

— 

344 


3*6' 

Eskdalemuir 

First 

11-0 

11-0 

19 

0 

2 

)» ... 

Principal 

76-0 

76-6 

343 

7 a 

4 

Sitka 

First 

9-2 

9-3 

248 

10 h 

1 

... ... 

PrincijDal 

37-7 

38-0 

73 

8 a 

2 


After the s.c, there was considerable disturbance with quieter interludes until 
16 h. of April 10. Conditions were then quiet for some 4 hours, when further considerable 
disturbance commenced and continued until about 3 h. on the 11th. Particulars of these 
disturbances wiU be found in Sections 93 and 94, and in Tables CXLIIT and CXLIV. 

May 29, 1911, Flaie XX. 

Section 66. — The s.o. of May 29, 1911, commenced about 14 h. 34m. G.M.T. The 
curves had been extremely quiet for some hours previously. 

In the Antarctic a very small bay presented itself in the curves between 11 h. and 
12 h. and a larger one earlier, between 6h. and 7h. These were, however, short 
isolated events, and otherwise there had been little disturbance since Oh. As usual, 
the Antarctic curves show an oscillatory movement, and the three elements are fairly 
in phase. The amplitude was considerable, but the movements lasted about 10 
minutes, so the slope of the curves is less steep than usual in s.c’s. 

At Mauritius there was a rise as usual in H, lasting about 5 minutes, followed by 
a more gradual fall, which did not restore the element to its original value. The 
phenomena closely resembled those shown by the H curve at Alibag. There was no 
visible movement in D. 

At Buitenzorg the N and E movements were unidirectional, a recovery setting in, 
however, almost at once. The V movement on the other hand may most fairly be 
regarded as oscillatory. The first and smaller movement, down the sheet, seemed to 
commence simultaneously with the N and E movements, but it terminated sooner, 
and the movement in V up the sheet was well under weigh before the commencing 
movements in N and E finished. The summit in the V curve occurred several minutes 
after that in N. At Alibag the movements in all the elements seemed unidirectional. 

At Honolulu the N and V movements appear unidirectional, and the elements in 
step. The D movement, however, was oscillatory, the two movements occupying 
about the same time as the single movement in the other elements. The second D 
movement was the larger, but only by about 0'’ 1. 
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At Helwan the H and V traces were very faint. Apparently the movements were 
all unidirectionalj as at Alibag. Eecovery set in more immediately in D than in the 
other elements. 

At Agincourt the movements were of an nnusaal type. In H there was a rapid but 
comparatively small rise, followed immediately by a similarly rapid fall of double the size. 
Shortly after came a rise bringing the trace nearly back to its original level. The three 
movements occupied about 10 minutes. Thus while the commencing movement, as is 
usual in lower latitudes, was a rise in H, it was less prominent than the subsequent faU. 

In D apparently there was a movement to the west, too rapid to be clearly shown, 
followed immediately by a much larger but less rapid movement to the east, which 
lasted about five minutes. A slower westerly movement immediately followed, bringing 
the magnet back about 20 minutes after the start to its original position. 

At Eskdalemuir the N and E movements were conspicuously oscillatory, the second 
movements, representing a north-westerly force, being much the larger. The com- 
mencing V movement was apparently also oscillatory ; but the first movement up the 
sheet is very small and might represent merely a small fiaw in the paper. The principal 
movements in the three elements ended at approximately the same time, and a recovery 
immediately set in, the elements resuming very approximately their imdisturbed values 
within about 18 minutes of the start. 

At Sitka the H and D traces fouled one another. So far as can be seen, the D 
movement was oscillatory, the H not. The first movement in D was small and very 
rapid. The second movement in D was much larger than the movement in H, an unusual 
feature. The H curve reached its summit first ; but both summits being rounded, it is 
natural to regard the end of the movement as fixed by the D curve, as the D movement 
was the dominant one. The V trace has a faint suggestion of a very small and rapid 
preliminary movement up the sheet, which may or may not have been real. The only 
unmistakable movements are the principal movement down the sheet and the subsequent 
recovery which immediately set iu. The results derived from the curve measurements 
are given in Table OXX. 


Table CXX. — S.c. Movements on May 29, 1911. 


Station. 

Movement. 

H. 

T. 


X* 

Bnratlon. 

Antarctic 

First 

y 

27*1 

y 

27-9 

o 

216 

o 

14 a 


99 

Second 

62-0 

67-2 

54 

23 5 

8 

Mauritius 

Principal 

11 

— 

— 

— 

6 

Buitenzorg 

99 

19-6 

19-7 

360 

85 

6 

Alibag 


16-2 

16-6 

353 

10 o 


Honolulu 

ff 

8-1 

8-5 

3 

18 5 


Helwan 

9 9 • • • 

12-8 

13-3 

319 

16 0 

4 

Agincourt 

First 

8-4 

— 

297 

— 

2 

99 ■ ’ • 

Second 

27-9 

— 

112 

— 

6 

Eskdalemuir 

First 

16-2 

16-2 

149 

35 

1 

99 

Second 

68-9 

69-2 

330 

6a 

6 

Sitka 

Principal 

14-2 

15-] 

329 

20 5 
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Aiter the s.c. the Antarctic curves show some minor oscillations — a normal feature 
at that hour of the day — and the curves at most of the other stations were a little less 
quiet than before the s.c. Subsequently, however, conditions were decidedly quiet, 
and continued so for some 20 hours. The afternoon of May 30 and forenoon of May 31 
showed moderate disturbance at Eskdalemuir, but this would not naturally be associated 
with the s.c. Undoubtedly, the natural conclusion to be drawn is that the s.c. was an 
isolated incident during a quiet time. 

June 9, 1911, Plc^e XXL 

Section 67. — The s.c. began about 16 h. 31 m. G.M.T. on June 9. In the Antarctic, 
conditions had been exceptionally quiet during the previous eight hours. The movement 
was oscillatory, an exceptional feature being that the excess of the second movement 
over the first was small. The second movement did not end sharply. A less steep 
slope followed a steeper slope in E' and N', while the summit of the V cmve was rounded. 
There is a choice between the end of the steep slope and the extreme summit as fixing the 
end. Other oscillatory movements at once ensued, so the s.c. is unusually inconspicuous. 

At Mauritius there was a rise of about 8y in H iu the course of about six minutes, 
the trace retaining a distinctly crested appearance until about 18 h. 46 m., when a smart 
■fall of about 7y occurred. No certain movement could be recognised in the D trace. 

At Buitenzorg there was no sign of oscillation in the commencing N movement, 
which was fairly prominent. The element remained decidedly above its undisturbed 
value for over two hours. The crested appearance is conspicuous, and is almost equally 
so in the N or H traces at all the other stations, except Sitka and the Antarctic. The 
duration of the crest seems the same at aU the stations, where it was recognisable. The 
commencing movement in E at Buitenzorg was also unidirectional, and it was in phase 
with that in N. In V the commencing movement down the sheet ended before the 
commencing movements in N and E, and a larger movement up the sheet had made 
considerable progress before the summit of the N curve was attained. The V trace was 
moving irp the sheet when the s.c. began, so the second or recovery movement may 
partly represent the continued action of the pre-existing forces. The second movement 
in V continued after the commencing movements in N and E had ended, and 
considerably exceeded the first movement. 

At Alibag the movement seemed unidirectional in all the elements, but the 
amplitude was very small except in H. The H trace shows a conspicuous crest, and 
small as the disturbance was in D and V, movements corresponding to the cessation 
of the crest in H are clearly recognisable in both these elements. 

At Honolulu the movement in H was clearly unidirectional. The trace was moving 
up the sheet at the time, and following on the rapid rise is a crest having about the 
same slope as the trace prior to the s.c. The existence of this slope renders the ending 
of the crest less distmct than at Alibag. The D trace at Honolulu was distinctly 
oscillatory, a very small movement down the sheet either anticipating the H movement 
altogether or synchronismg with a small part of it. The upward movement m D seems 
to finis h before the first movement in H, but the D trace was moving down the sheet 
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wten tte s.o. began, and this general movement down the sheet continued for nearly 
two hours, and probably neutralised part of the second s.c. movement. The V trace 
was also moving down the sheet when the s.c. began. The commencing movement 
was apparently unidirectional. The tendency to recovery would seem to have been 
neutralised by the continuance of the pre-existing movement down the sheet. 

At Helwan the H trace as usual closely resembled that at Alibag and showed the 
crest weU. The D trace showed very little movement, but a depression persisted for 
some time. No V trace was received. 

At Agincourt the s.c. movement was not recorded, as its time synchronised with 
that of the change of photographic paper. 

At Eskdalemuir the movement appears to be in the main unidirectional in all the 
elements. It is small and the original curves were rather faint, but the N trace was 
rather jerky, minute pulsations being evidently in progress during the rise. The rise 
in the E curve was interrupted, a short practically level portion of curve separating 
two rises. Thus a vector derived from the commencing and final positions shown by 
the N and E traces does not in this case imply a disturbing force acting persistently in ’ 
one direction. The icregularities may represent the intervention of some disturbing 
force quite distinct from the s.c., but that is a matter of speculation. The V trace 
showed a fall as usual, but it was very small. 

At Sitka all three traces show oscillatory movements. The first movement, which 
was very small except in D, was down the sheet in H and D, but up in V. The second 
movement, up the sheet in H and D and down in V, is more clearly shown. This 
movement was apparently interrupted by another, the consequence being that the H 
and D curves have each two summits, the former being the higher in H but the lower 
in D. The first summit has been regarded in the calculations as concluding the movement. 
The hollow in the V curve is so rounded that it afiords no help to fixing the end of the s.c. 
All the Sitka curves show a recovery within a comparatively short time. Further dis- 
turbance followed and was in progress at the time when the crest subsided at the other 
co-operating stations. Eegarded by themselves, the Sitka curves do not suggest a crest. 

The results derived from the curve measurements are given in Table CXXI. 


Table CXXI. — S.c. Movements on June 9, 1911. 


Station. 

Movement. 

37 

T. 


X* 

Duration. 



y 

y 

O 

0 

Minutes. 

Antarctic 

First 

17-8 

18-4 

234 

14 a 

o 


Second ... 

23-9 
or 25'4 

24*8 

26-6 

69 

67 

16 6 

17 6 

Bi 

Mauritius 

Principal 

8 

— 

— 


6 

Buitenzorg 

if 

12-8 

13-1 

349 

13 6 

9 

Alibag 

)f ... ... 

11-7 

• 12-0 

350 

13 o 

7 

Honolulu 

jj 

7-7 

8'1 

15 

17 6 

6i 

Helwan 

)) ... 

12-4 

— 

350 

— 

7 

Eskdalemuir 

if 

20-2 

20-4 

336 

8 a 

6 

Sitka 

First 

6-3 

6-6 

137 

n a 

H 


Second 

16-7 

16-4 

300 

17 6 

41 
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la tte Antarctic, daring the hours immediately following the s.c. the 
conditions, though much less quiet than before, were unquiet rather than disturbed. 
But from 4 to 17 hours subsequent to the s.c. there was considerable disturbance 
in aU the elements. The s.c. occurred about 4jh. on the 10th, in the time of 180° E., 
and the ranges for that day 2S8y in S', 375y in B' and 184y in V were amongst the 
largest of the month. During the time when the crest was in evidence, large irregular 
movements did not present themselves, but subsequently aU the stations showed very 
considerable disturbance. In this case then a decided crest was associated with an 
unmistakable though only second-rate magnetic storm. Further particulars of this 
storm will be found in Section 97 and Table CXLVII. 

June 30, 1911, FlMe XXL 

Section 68. — On June 30, 1911, the s.c. began at about 21 h. 60 m. G.M.T. 
Conditions had been unusually quiet during the previous 24 hours. 

In the Antarctic, while the previous conditions were quiet, minute oscillations 
• were in progress at the time, and these tend to obscme the movements in N', which 
were unusually small. As usual the movement was oscillatory in ‘all the elements. 
The second movement was only a little bigger than the first. Thus the appearance is 
more suggestive of a “tooth” disturbance — i.e., a sharp spur-like isolated movement — 
than an ordinary s.c. The movement was first noticed in the Antarctic curves, but it 
was considered a doubtful s.c. until confirmed by the traces from other stations. The 
oscillations which follow in the Antarctic curves make nearly as much appeal to the 
eye, but there is practically no trace of them in the curves from the other stations, while 
the s.c. itself, though not large, is clearly shown. 

At Mauritius H rose about 6y in 6 minutes. A recovery set in almost at once, 
bringing the trace down approximately to its original level by 22 h. 30 m. The 
appearance rather suggests a “ crest ” depressed by some independent cause. No 
certain movement was visible in D. 

At Buitenzorg the movement in N was apparently oscillatory, but the first movement 
down the sheet is very small. The E trace is not very clear. There seems a very sin n il 
movement up the sheet synchronising with the downward movement in N. At the time 
when the su mm i t of the N curve was reached, the E curve was practically at its 
undisturbed level. A slight fall then ensued, followed by a rise. The V curve shows no 
visible departure from levelness during the first movement m N. It then moved down 
the sheet as N went up, but started going up before the summit of the N curve was 
reached, and continued to rise, though very slowly, for a sensible time after N had begun 
to fall. 

At Ahbag the H curve shows only the ordinary rise distinctly, but there is a faint 
suggestion of a previous downward movement, which may or may not be real. The 
D trace is also ambiguous. There may be a tiny hump on it prior to the small visible 
depression. A similar remark applies to the V trace. This is an instance in which 
considerably higher sensitiveness would probably have been advantageous. 
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At Honolulu the decisive H movement up the sheet is preceded hj a downward 
movement, but this was so slow we should not naturally regard it as part of an s.c. 
The D trace, which was moving up the sheet when the sudden movement in N began, 
shows a small rapid up and down movement, which left the value of the element at the 
time when the summit of the N curve was reached practically the same as before. The 
V movement seems unidirectional, the fall synchronising with the rise in N. A recovery, 
however, set in at once in V, while the N" curve if anything still continued to rise. 

At Agincourt the s.c. was conspicuously oscillatory. The H trace shows a rapid 
fall and rise, even the former by no means microscopic. After the summit was reached 
a second small oscillation ensued, before a decided recovery set in. The D curve showed 
four rapid movements West, East, West, East, the first pair of movements synchronising 
with the first two in H. The movements, though small, were by no means microscopic ; 
the first of the two easterly movements being about twice the size of ■ the other three 
movements. 

At Eskdalemuir the N and E movements were distinctly oscillatory. In V only 
a single movement, down the sheet, is recognisable ; it seems to correspond in time with 
the second movements in N and E. 

No copies of this disturbance were received from Helwan or Sitka. 

The results derived from the curve measurements are given in Table CXXII, 


Table CXXII. — S.c. Movements on June 30, 1911. 


Station. 

Movement. 

E 

T. 


X- 

Duration. 

Antarctic 

First 

V 

26-9 

Y 

28-3 

O 

92 

0 

24 & 

Minutes. 

2 

>> ... ... 

Second 

30-8 

34*1 

262 

26 a 

2 

Mauritius 

Principal 

6 

— 

— 

— 

6 

Buitenzorg 

>5 

8*1 

8-2 

0 

10 & 


Alibag 

J» 

7-7 

8-4 

344 

23 d 

6 

Honolulu 

ti 

6-2 

6-7 

10 

23 6 

4 

Agincourt 

First 

7-6 

— 

203 

— 

4 


Second 

32-6 

— 

12 

— 


Eskdalemuir 

First 

6*1 

6-1 

149 

0 


... . . . 

Second 

22-2 

22-4 

335 

7 a 

3 


In the Antarctic conditions became and continued distinctly unquiet after the s.c. 
appeared, but no considerable disturbance ensued until some 7 hours had elapsed. 
From 7 to 20 hours subsequent to the s.c. conditions though not violently 
disturbed were considerably more disturbed than usual. The s.c. occurred a little 
before 10 h. in the time of 180° E. on July 1, and the ranges for the next two days were 
as follows : July 1, 200y in S', 229y in E', and 134y in V ; July 2, 314y in S', 247y 
in E', and 127^ in V. July 3 was also a highly disturbed day, but this presumably was 
a distinct phenomenon. At the co-operating stations the s.c. was immediately followed 
by a moderate disturbance, which was characterised, especially at Agincourt and Esk- 
dalemuir, by the presence of incessant small oscillations. The largest movements, 
which represented only a minor storm, occurred between 16 and 20 hours after the s.c. 
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August 19, 1911, Plate XXII. 

Section 69. — On August 19, 1911, the s.c. began about 12h. 16m. G.M.T. For 16 
hours previously the curves everywhere had been very quiet ; thus the conditions 
were exceptionally favourable for showing details. 

In the Antarctic as usual the movement was oscillatory, the second movement being 
conspicuously the larger. But while the slope of the second B' movement was practically 
uniform until the summit was nearly attained, the rate of change in N' and V showed 
a decided slackening after the original undisturbed level was reached. Thus the move- 
ment does not really represent a force having a fixed direction. 

At Mauritius there was a rise of about 12y in H in the course of about 6 minutes. 
The value of H continued to rise very slightly for about 30 minutes after the end of 
the s.c. A fall then set in, which was pretty rapid for a few minutes. The appearance 
of the curve was thus crested like that of the H curves at Alibag and Helwan, except 
that the crest, instead of being level as at these two stations, had a slight slope upwards. 
At the time of the s.c. the D trace was showing a gradual westerly movement. A small 
but fairly sharp movement, with a force equivalent of 4y, took place to the east about 
the time the rise in H was ending, after which the westerly movement reasserted itself. 

At Buitenzorg the N curve shows no sign of oscillation, there being a rise at a 
practically uniform slope until the summit is almost reached. The E trace, on the 
other hand, is distinctly oscillatory. There was first a small rapid movement up the 
sheet, followed immediately by a movement down the sheet which slackened suddenly, 
a steep slope being followed by a less steep one. The time when the lowest point was 
reached agrees apparently with the time when the summit was attained in the N curve. 
In the V trace there was a small rapid faU, then a practically level piece, and then a 
rise. This had brought the curve to above its undisturbed level before the rise in the 
N curve had ceased, and it continued for a considerable time after the recovery in N 
had set in. Thus the three elements were conspicuously out of phase throughout. 
The N and V curves exhibit a sort of “ crest,” lasting little over half an hour, and there 
is a corresponding depression in the E curve. 

At Alibag the movement appeared unidirectional in all the elements. The slope, 
however, of the H curve, which commenced very steeply, fell off, the first third of the 
rise being accomplished in much less than a third of the time. After the rise the curve 
remained quite level for some 20 minutes, when a sharp slope down ensued, lasting 
about 8 minutes. The “ crest ” thus formed represents about the same interval 
of time as that described at Buitenzorg, but the two crests differ considerably in 
appearance. In the case of the D and V curves at Alibag a recovery set in immediately 
after the end of the commencing movement, but it was not completed until the crest 
in H began to subside. 

At Helwan the phenomena closely resembled those at Alibag. A change of slope 
in the commencing rise in H is not recognisable, but the trace is rather indistinct. The 
crest is almost an exact counterpart of that at Alibag, having the same duration and 
a similarly flat top. The D and V movements — ^thanlcs partly to greater sensitiveness 
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in. the instruments — are larger than at Alibag, and details of the recovery are thus 
more easily made out. The depression in the D and V curves terminated synchronously 
with the crest in the H curve. Their appearance bears a resemblance to the mrpress 
of a seal in wax. 

At Agincourt the commencing movement was unidirectional in both H and D, 
and, though small, so rapid as to suggest discontinuity in the trace. The H trace 
showed a crest, but was not flat-topped, minor oscillations ensuing almost as soon as 
the sudden rise ended. 

At Eskdalemuir the movement was exceedingly complex. Both the N and .E 
traces show a very rapid movement up the sheet — of considerable size in N — followed 
by a larger and equally rapid fall.- The fall is immediately followed by a rise, which 
was suddenly arrested during a minute or so, a small portion of practically level trace 
appearing in each curve. The movement up the sheet was then continued, though 
somewhat less rapidly. The B curve shows a practically uninterrupted rise to a summit, 
though in approaching it the rate of rise diminished. In the N curve a summit was also 
reached synchronously with that in E, but the rise to it was not iminterrupted. The time 
when the summit appeared in the E trace has been accepted as the end of the third 
movement, but possibly the first peak in the N curve might have been preferable. The 
V trace shows a movement down the sheet, with one or two small oscillations superposed. 

At Sitka the H and D movements were clearly oscillatory. Of the first movements 
that in D was considerably the larger, and the second movement in D was not 
much less than the second in H. The V curve was crossed by the D curve during the s.c. , 
and it is difi&cult to say whether the V movement was oscillatory or not. A movement 
down alone is clearly seen, but there is rather a suggestion of a previous very small 
movement up the sheet. The H and D traces at Sitka are not flat-topped, but bear 
a considerable resemblance to the N trace at Buitenzorg, having like it a somewhat 
crested appearance. 

The results derived from the curve measurements are given in Table CXXIII. 


Table CXXIII. — S.c. Movements on August 19, 1911. 


Station. 

Movoiuont. 

H. 

T. 


X- 

Duration. 

Antarctic 

First 

V 

26-1 

Y 

27-4 

O 

248 

0 

IS a 

■ Minutes. 
1-6 

n ••• 

Second 

81-4 

84-4 

71 

16 b 

7 

Mauritius 

Principal 

12 

— 




6 

Buitenzorg 

JJ ... 

40-9 

41-0 

355 

ib 

7-6 

Alibag 

JJ ... ... 

18-9 

19'6 

347 

14 a 

6 

Helwan 

JJ ... . ..' 

16-7 

17-8 

326 

20 a 

6 

Agincourt 

JJ ... ... 

14-9 


302 


2-6 

Eskdalemuir 

First 

20-6 

20-6 

340 

3 a 

0-6 

jj ... ... 

Second 

39-2 

39*3 

164 

36 

1 


Start to summit ... 

34-1 

34-3 

321 

7 a 

9 

Sitka 

First 

6-7 

6-8 

133 

9 a 

1-6 

jj ... ... ... 

Second 

41-4 

42-0 

362 

10 6 

6 
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In the Antarctic the s.c. movement itself was large, but after it subsided conditions 
were rather quiet for 3 hours. Moderate movements then ensued during the next 
18 hours. The largest movements occurred from 8^ to 13 hours after the s.c. The 
s.c. occurred shortly after 0 h. (time of 180° E.) on the 20th, and the ranges for that 
“day” were 181y in S', 236y in E' and 86y in V. The traces of the horizontal 
components at Eskdalemuir and Sitka exhibited an unquiet oscillatory condition for 
16 or 16 hours after the s.c. There was nothing, however, at these or the other 
co-operating stations that would naturally he called a magnetic storm. 

Further particulars of the disturbance on August 19-20 will be found in Section 101 
and Table CLI. 


Octdb&r 2, 1911, Plate XXII. 

Section 70. — The s.c. on October 2, 1911, began about 4h. 8 m. G.M.T. The 
curves had been quieter than usual during the two previous days. In the Antarctic 
the motion was oscillatory in all the elements, but there are exceptional features in 
the N' curve. The E' and V traces seem fairly in step. Each shows two oscillations. 
The first oscillation in E' appears a normal s.c., the first movement down the sheet 
being followed by a larger and similarly rapid movement up the sheet. The synchronous 
oscillation in V also appears quite normal, except that it is unusually small. The 
second oscillation in the two elements is less rapid, and in E' is considerably smaller 
than the first ; it may have arisen from a distinct source. The N' trace is exceptional 
in that the first movement is not down the sheet like the first movements in E' and V, 
but is up the sheet. Further, it lasts almost as long as the first two movements 
combined in the other elements. It is followed by a larger movement down 
the sheet which terminates before the fourth but later than the third movement in 
F/ and V. 

At Mauritius H rose 8y in about five minutes, the major part of the rise appearing 
to be neatly instantaneous. The trace had a slight slope up the sheet at the time, 
and this slope was continued in a crest which followed the s.c. The downward 
movement ending the crest represented about 4}' and was very rapid. The time from 
the start of the s.c. until the end of the step down from the crest was only about 
20 minutes. D had an oscillation of l'-3 (= 8y) to the west and O'- 6 to the east, all 
in the course of about 8 minutes, the westerly movement synchronising or nearly so 
with the rise of Sy in H. A slow westerly movement was in progress when the s.c. 
began, and it continued after the oscillation at about the same rate as before. 

At Buitenzorg the N movement seems unidirectional ; but the E movement is 
unmistakably oscillatory, the second movement being followed by a gradual recovery. 
The V trace was moving up the sheet when the s.c. began. It shows a comparatively 
rapid small movement down the sheet, followed by a gradually slackening upward 
movement, which brought the trace considerably above its undisturbed level. The 
N trace after rising at a nearly uniform rate suddenly reduced the rate very much, 
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the rise at this reduced rate being small. It is the point where the rate is reduced 
that accords in time with the lowest points in the E and V curves, and it has accordingly 
been regarded as the true end of the s.c. 

No curves were received from Alibag. 

At Honolulu the H and V traces are unidirectional, while the D trace is oscillatory. 
While the H trace is unidirectional, the slope is conspicuously fastest at first, and the 
end of the steeper part of the slope is at least approximately synchronous with the 
end of the sudden rise in the D curve. The fall, however, in the V curve continued 
until the end of the further slow rise in H, and this latter point is fairly synchronous 
with the end of the second movement in D. It thus appeared best to regard the 
principal movement as ending when the highest point appeared on the H curve, and 
to calculate the vector by comparison of the curves at this time and immediately before 
the s.c. began. 

At Helwan the H movement though small is distinct, and shows no trace of 
oscillation. The recovery was very gradual, but set in almost at once. No measurable 
movement appeared in D. As usual the V curve shows a small fall followed by a 
recovery. The curve was very faint and the measurements made probably not very 
accurate. 

At Agincourt the commencing H movement was similar to that at Helwan, but 
within 10 minutes from the start the trace had fallen half-way back to its undisturbed 
level. The D trace was moving up the sheet at the time and is not very clear. 
Apparently the s.c. movement was oscillatory, a small movement up the sheet being 
followed by a larger movement down the sheet. This latter movement and the recovery 
from it are clearly shown. 

At Eskdalemuic the movements are very small, but that in E is distinctly oscillatory. 
The N movement, as compared with that of the average s.c., is smaller relatively than 
the E movement. So far as can be made out, the N movement up the sheet and the 
first E movement down the sheet correspond in time, but the duration of the movements 
is so short that this is uncertain. The second and larger movement in E up the sheet 
seems to correspond in time with an inconspicuous fall in N. If this analysis is correct, 
the first movement was somewhat the larger in N, but the second movement decidedly 
the larger in E. In the V curve there seems to be a small rapid movement 
up the sheet, preceding a slightly larger but distinctly visible movement down the 
sheet. 

At Sitka there was a considerable H movement, and the movements in all the 
elements were conspicuously oscillatory. In this case the second is obviously the 
principal movement, and represents as usual a rise in H. The second movement was 
followed by a pretty rapid recovery, especially in D. Small oscillatory move- 
ments were in evidence for some time before the s.c., but did not obscure its main 
features. 

The results derived from the curve measurements are given in Table CXXIV. 


226 


p 



Table CXXIV. — S.c. Movements on October 2, 1911. 


Station. 

Movement. 

H. 

T. 


X. 

Duration. 

Antarctic 

First 

y 

16-1 

y 

16-8 

o 

303 

0 

17 a 

Minutes. 

1*26 

99 

Second 

26-3 

26-6 

75 

18 6 

2 

Mauritius 

Principal 

11 

— 

— 

— 

6 

Buitenzorg 

99 ... ... 

16-9 

16-9 

360 

5 a 

1-6 

Honolulu 


6-9 

7^7 

32 

26 6 

4*5 

Helwan 

99 ... 

8-0 

9*4 



32 a 

6 

Agincourt 

First 

9-5 

— 

344 



2 

99 ' • • 

Second 

7-7 

— 

124 


6 

Eskdalemuir 

First 

9-7 

9-7 

26 

36 

0-6 

99 

Second 

13'6 

13*6 

265 

8 a 

3 

Sitka 

First 

10-9 

IM 

197 

8 a 

1*26 

jj ... ... 

Second 

27-7 

27*9 

12 

66 

1*76 


• In the Antarctic it was decidedly leas quiet after the s.c. than before, and it 
remained so for some 16 hours, but the disturbance was nothing out of the way. The 
largest range on the day of occurrence of the s.c. or on the following day was only 
162y in E'. At Eskdalemuir and Sitka the horizontal components were distinctly 
unquiet for 12 hours after the s.c., numerous small oscillations talcing place. At 
Eskdalemuir the V trace remained very quiet, and there was nothing approaching a 
magnetic storm, The only considerable disturbance appearing in the traces received 
from the co-operating stations occurred in the Sitka V trace, between 4 and 12 hours 
after the s.c. There was a rise of about 180y in V in the course of 1|- hours ; 
simultaneously there were oscillations in the H and D curves, but only of about 
half the amplitude. 


November 8, 1911, Plate XXIIl. 

Section 71.— The s.c. of November 8, 1911, commenced about 13 h. 43 m. G.M.T. 
During the previous 24 hours it had been decidedly quiet in the Antarctic and very 
quiet at Eskdalemuir. 

In the Antarctic the movement was of the usual oscillatory type. In N' and E' 
it was large, and was immediately followed by other considerable oscillations. During 
the second and larger movement of the s.c. the slope of the N' and E' curves diminished 
only slightly before the summit was reached, but in V the rate of rise towards the end 
was much reduced. 

At Mauritius H rose about lly in about 6 minutes. There continued to be if 
anything a slight upward slope in the curve for about 66 minutes after the s.c., followed 
by a slow fall, but hardly to the original level. No certain movement appeared in D 
at the time of the s.c. 

At Buitenzorg numerous small oscillations preceded the large rise in N, and the 
last of these may possibly represent a small prehminary movement down the sheet, 
but if so it was no larger than the similar previous movements. Most probably the 
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N movement was unidirectional. The E movement on the other hand was undoubtedly 
oscillatory. We have first a small sudden movement up the sheet, followed at once by 
a somewhat larger but slower movement down the sheet ; this was followed by a short 
nearly level piece of curve and then a slight further fall. It is the conclusion of this 
second fall that seems to answer in time to the summit of the N curve. The end of 
the first fall in the E trace seems to correspond in time to a slight slackening in the rate 
of rise of N. The V trace shows a moderately gradual fall, followed at once by a recovery , 
which brought the trace to above its undisturbed position. The recovery had made 
considerable progress before the summit of the N curve was reached. 

At AUbag the movements appeared much simpler than at Buitenzorg. There 
was the usual rise in H with no indication of a previous fall, while the D and V traces 
went slightly down the sheet. A recovery set in at once in D and V. H retained 
an enhanced value for some 8 hours. The fall which then ensued, however, was 
considerably in excess of the initial sudden rise, so the appearance is hardly that of 
the ordinary crest. 

At Honolulu the s.c. was preceded, as at Buitenzorg, by minute pulsations, visible 
in both the N and V traces, but the commencing movement in H seems unidirectional. 
In the rise to the summit three sensibly different slopes are recognisable in the H curve, 
the first being the steepest. A slight recovery set in at once but did not proceed far ; 
and H remained, as at Ahbag, decidedly above its undisturbed value during 8 hours 
before a decided fall commenced. 

The V curve also shows a unidirectional s.c. movement, but a recovery set in 
shortly, and the original level was practically recovered in about 10 minutes from 
the commencement. The D movement was apparently oscillatory, a very small short 
movement down the sheet preceding a slower movement up the sheet. During the 
upward movement the curve shows two distinct slopes, the first the steeper. The 
summit was reached somewhat later than that of the H curve. 

Phenomena at Helwan closely resembled those at Alibag. The commencing 
movement appeared unidirectional in the three elements, but the movement in D down 
the sheet is exceedingly small. After the rise the H trace remained nearly level during 
8 hours. During the next 1^ hours there were successive descents, representing 
altogether a fall about 3 ^ times as large as the initial rise. The movements in the V 
curve, a fall followed at once by a partial recovery, are more in evidence than at 
Alibag. Further, 8 hours after the s.c., there are decided movements in the V trace 
synchronising with those just described in H. 

At Agincourt the movement in H was not of the usual s.c. type. An insignificant 
rise was immediately followed by a larger fall, which was succeeded by oscillatory 
movements. The D trace showed three movements in rapid succession, a small fall, a 
larger rise and a still larger fall ; the third movement occupied about twice the time 
of the first two combined, but its slope was pretty steep. The end of the third movement 
in D seemed to correspond with that of the second movement in H, and the time marks 
rather suggest that the first movement in D preceded the first movement in H. 
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Tlie abnormality in the Eskdalemuir curves can be seen in Plate XXIII. The 
N and E curves show similar movements. A small movement up the sheet is followed 
by one iu the opposite direction. After a quite perceptible pause this is followed by a 
considerably larger movement up the sheet, which proceeds iu a jerky fashion, especially 
iu N. In V there is a small movement down the sheet, which seems to correspond 
in time with the third movement in N and E. 

At Sitka pulsations preceded the s.c. in both the H and D curves. The D curve 
also was moving down the sheet at the time ; but apparently the commencing movement 
was unidirectional in all the elements. The H and D traces fouled one another just after 
the summit of the H curve was passed. Thus the summit of the D curve is somewhat 
indistinctly shown in the original, but it clearly occurred somewhat later than the 
turning points on the H and V curves, which fairly synchronised. It is thus natural to 
take the summit of the H curve as representing the end of the proper s.c. movement. 
The V trace was moving slightly up the sheet when the s.c. began, and after the com- 
mencing movement ended it continued its upward course and did not stop until 
the level was considerably higher than that prior to the s.c. movement. 

The results derived from the curve measurements are given in Table CXXV. 


Table CXXV. — S.c. Movements on November 8, 1911. 


Sbation, 

Moyoment. 

H. 

T. 

i- 

X- 

Duration. 

Antarctic 


y 

y 

0 

o 

Minutes. 

First 

SB -7 

37-3 

266 

17 a 

1-5 

)i ... ... 

Second 

89-6 

91-6 

07 

12 b 

5*5 

Mauritius 

Principal 

11 

— 

— 

— 

6 

Buitenzorg 

{ 

12-0 
or 22 • 6 

12-1 

22-7 

349 

352 

8 a 

46 

3 

7 

Alibag 

tt ... . 1 . 

15-2 

16-4 

364 

9 a 

7 

Honolulu 

>3 ... ... 

12-4 

12-8 

357 

14 6 

6 

Helwan 

33 • • * ... 

13-5 

14-9 

364 

.25 a 

6 

Agincourt 

First 

12-7 

— 

276 



2 

... ... 

Second 

23-4 



79 

■ 

6 

Eskdalemuir 

First 

8-0 

8-0 

320 

0 

0-6 

... 

Second 

11-3 

11-3 

113 

0 

1 

... 

Tliird 

30-1 

30-2 

303 

4 a 

6*6 

Sitka 

Princix)al 

22-0 

22-6 

328 

13 6 

6 


In the Antarctic the s.c. was immediately followed by a markedly oscillatory 
state of matters, the oscillations being numerous and of considerable size. About 
6^ hours after the s.c. larger movements appeared, continuing for 9 or 10 
hours. The s.c. occurred between 1 h. and 2 h. on November 9 by the time of 180° E, 
and the ranges on that day were 324y in S', 308y in E' and 210y in V. At Eskdalemuir 
no disturbance worth mentioning followed the s.c. until 7 hours had elapsed. 
Moderate disturbances, hardly reaching the standard of a magnetic storm, then presented 
themselves, continuing throughout the whole of next day. There then occurred what 
might fairly be called a magnetic storm — also represented in the Antarctic — ^but it 
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would not naturally be associated with the s.c. Further particulars of what occurred 
on November 8-9 will be found in Section 106 and Table CLVL 

November 12, 1911, Plate XXI 11. 

Section 72. — The s.c. of November 12, 1911, began about 15 h. 5 m. G.M.T. 
Conditions had been fairly quiet at all the stations including the Antarctic during the 
previous 12 hours. 

In the Antarctic the movement was as usual oscillatory. The second movement 
was the larger, but its excess was smaller than usual. The three elements were fairly 
iu phase, but the rate of change m V during the second movement showed a slacheniag 
towards the end, which is much less apparent m the other elements, especially N^ which 
exhibited a practically uniform slope. 

At Mauritius H rose about 8y in about 6 minutes. The H trace exhibited a 
well-marked crest, lasting for about Ij hours after the s.c. began. The crest showed a 
slight slope up, in accordance with the normal direction of change at that hour. The 
descent from the crest was rapid at first, then slower. During the s.c. no decided 
movement could be seen in the D trace, which remained nearly level. 

At Buitenzorg the N and E s.c. movements are distinctly oscillatory, the first move- 
ments — down the sheet in N and up in E — ^being very small. In each instance, however, 
the trace suggests that what has been called above the first movement was itself preceded 
by a stni smaller movement in the opposite direction. If this were the case, they were 
probably associated not with the s.c., but with some small pulsations which shortly 
preceded it. The V movement, unidirectional and down the sheet, seems to synchronise 
with the principal movement in N. It was immediately followed by a recovery, which 
brought the trace decidedly above its undisturbed level. The N curve was distinctly 
crested. About Ij hours after the s.c. there were distinct movements downward. 
According as we regard these, or some later but larger movements, as terminating 
the crest, we should estimate its duration as slightly exceeding an hour or as S-J- hours. 

At Alibag the hour break occurred after the s.c. had begxm, but before it was 
completed ; and as it crosses all the curves there is some slight imcertainty as to the 
exact amplitude, which may have slightly exceeded that given by the measurements 
made immediately the hour break ended. The movement was unidirectional in all 
the elements, and the changes were in the usual directions. The movements in D and 
V were very small. There is a decided crest on the H curve, with alternatives for its 
duration exactly as at Buitenzorg. At Alibag the 3^-houj alternative seems the 
preferable one. 

At Honolulu, where the curves were very clear, the commencing movement appeared 
unmistakably unidirectional in H and V. In D it was insignificant, but seemed to 
consist of a very small movement down the sheet, followed by a slightly larger movement 
up the sheet, taking in aU 6 or 7 minutes. A recovery set in shortly in V but 
lasted only for some 10 minutes, a small depression remaining. The H curve shows 
a distinct crest. The trace was going up the sheet prior to the s.c., and the crest shows 
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a similar slight slope. The more natural estimate of the duration of the crest is 
3^ hours, but its level was interrupted, as at Buitenzorg and AJibag, shortly after the 
end of the first hour. 

At Helwan the commencing movement seemed decidedly unidirectional in the 
three elements, but the D movement was microscopic. The H curve closely resembles 
that at Alibag, showing a decided crest. After the commencing movement down the 
sheet, the V trace shows a partial recovery ; but the curve remained decidedly depressed 
for over an hour, when a small but conspicuous and rapid movement brought it up to 
about the undisturbed level, synchronously with a break in the crest line in H. During 
the depression the appearance of the V curve is distinctly suggestive of the impress 
of a seal. 

At Agincourt the s.c. began while the traces were interrupted by the hour break. 
The obscuration lasted four minutes. But unless the movement took the unusual 
form for Agincourt of a rapid oscillation it must have been unusually small. The D 
curve shows an easterly movement of I'-S in 8 minutes, between the end of the hour 
break and the next ensuing turning point. 

At Eskdalemuir the movements were exceedingly small, even in N. The V 
movement is hardly recognisable. The movement in N was seemingly oscillatory, a 
tiny fall preceding a larger rise. The rise, small as it is, was interrupted, a nearly 
level short portion of curve intervening between the first and steeper slope and the 
final approach to the summit. In the E curve there is no recognisable preliminary 
movement down the sheet ; the movement up the sheet has the terraced appearance 
even more developed than in N. 

No Sitka curves were available. 

The results derived from the curve measurements are given in Table CXXVI. 


Table CXXVI. — S.c. Movements on November 12, 1911. 


Station. 

Movoinont. 

H. 

T. 


X- 

Duration. 

Antarctic 

First 

7 

42-1 

7 

44-3 

O 

248 

0 

18 a 

Minutes. 

2 

if 

Second 

64-7 

69-7 

61 

22 6 

6 

Mauritiufl 

Principal 

8 

— 

— 

— 

5 

Buitenzorg 

Fbst 

M 

11 

146 

0 

1-26 

... . . . 

Princiiml 

13-4 

13-4 

348 

ia 

3 

Alibag 

fj 

9-3 

9-4 

364 

12 a 

6 

Honolulu 

if • • . . . . 

6-8 

6-1 

6 

17 6 

7 

Helwan 

ff 

8-1 

8-9 

365 

25 a 

6'6 

Eskdalemuir 

First 

1-7 

1-7 

180 

0 

0-6 

ft 

Principal 

10-9 

10-9 

332 

0 

6-6 


In the Antarctic conditions were highly disturbed from 1 to 9 hours after the s.c. 
The s.c. occurred just after 3 h. on November 13 for the time of 180“ E, and the ranges 
for that day were 2$5y in S', 462y in E' and 207y in V. The 14th and 16th were similarly 
disturbed. At Eskdalemuir the conditions during the 8 hours following the s.c., though 
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less quiet than, before it, would hardly be termed disturbed. There then appeared a 
considerable hump on the N curve, and fair movements in the other elements. No 
really large disturbance, however, ensued until the afternoon of the 13th, when a 
moderate magnetic storm commenced, which continued until the 14th. Whether the 
magnetic storm and the s.c. were inter-connected must remain a matter for conjecture. 

Decmher 10, 1911, Plate XXIV. 

Section 73. — The s.c. on December 10, 1911, began about 15 h. 39 m. G.M.T. 
Considering the season of the year, conditions in the Antarctic during the previous 
24 hours might be fairly regarded as decidedly quiet. At Eskdalemuir during the same 
time conditions had been exceptionally quiet. 

In the Antarctic the s.c. movement was oscillatory in aU the elements, which seemed 
in phase throughout. As usual, the second movement was the larger. The first 
oscillation was immediately followed by a second and much smaller one. This second 
oscillation may be quite independent, or it may represent an interruption in the second 
movement of the s.c. If the second view were accepted the estimated amplitudes of 
the second movement given in Table CXXVII would be considerably increased. 

At Mauritius H rose about lOy in 6 minutes. The trace had then a slight general 
slope up the sheet — ^interrupted only by a small oscillation — which lasted until 1 h. 60 m. 
after the s.c. began. The crest thus formed was ended by a slight but sharp fall. During 
the s.c. no movement could be detected in the D trace, which was level at the time. 

At Buitenzorg the movement appeared to be clearly unidirectional in N and E. 
There was, however, a point in each trace where the slope diminished. This point 
seems to correspond to the end of a small downward movement in the V trace. A 
recovery commenced in V before the turning points in N and E were reached, and it 
continued until the curve was very appreciably above its undisturbed level. The 
N trace had a crested appearance, terminated by a sharp downward movement about 
1 h. 60 m. after the s.c. The element remained, however, above its undisturbed value 
for quite 7 hours in all. 

At Alibag the s.c. movement in H seemed clearly unidirectional, and, though not 
very large, was conspicuous, owing to the quietness of the preceding trace. The element 
remained decidedly above its undisturbed value for 8 hours, but the trace lost its crested 
appearance simultaneously with the N trace at Buitenzorg. In D and V the s.c. was 
represented by a small movement down the sheet. The recovery took place shortly. 
The curves thus show a small dimple or cup-shaped depression. 

At Honolulu the movement appeared to be unidirectional in all the elements, but 
the H trace shows a succession of rises like the steps in a stair. As these go on for a 
considerable tune, and corresponding pulsations are recognisable in the V trace, it is 
difficult to decide when the s.c. ended. Guided partly by the D curve, it was decided 
for the calculations embodied in Table CXXVII to assume the s.c. to terminate at the 
end of the second not the first slope in the H trace. 

At Helwan, the H and D curves were very like those at Alibag. The V trace was 
very faint, but a cup-shaped depression was easily recognised. 
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At Aginoourt the s.c. movement in H was small, and was somewhat interrupted 
as at Honolulu. The D movement, though also small, was simpler and more clearly 
shown, the trace exhibiting a cup-shaped depression. The s.c. was represented by 
a small movement of about 1' to the East. ' 

At Bskdalemuir the movements, though small, were clearly shown, owing to the 
previous quiet character of the curves. The movement in N was decidedly oscillatory, 
a small rapid movement down the sheet preceding the principal movement up the 
sheet. The summit is very roimded. The E trace showed a small movement up the 
sheet, immediately followed by a less rapid and somewhat smaller movement down the 
sheet. The movements are so small it is difficult to decide what exactly corresponds 
in the N and E traces. The end of the second E movement seems to answer approxi- 
mately in time to the summit of the N curve, and the results given in Table CXXVII 
assume the first movements in N and E to synchronise. At the same time, the actual 
time measurements suggested a slightly longer duration for the first movement in E 
than for that in N. 

At Sitka the s.c. movements were also insignificant. The D movement was the 
largest and clearest. It was oscillatory, a rapid small movement down the sheet 
preceding a larger movement up the sheet, the rate of which markedly declined before 
the summit was reached. The H trace shows a small rise, corresponding apparently 
to the fiirst movement in D, followed by a practically equal fall. The curve then rose 
in a series of small steps, representing presumably pulsations. The s.c. in V was 
probably oscillatory, a small movement up the sheet preceding a larger but slower 
fall. The latter, however, is alone unmistakably shown. The depression did not take 
long to disappear. 

The results derived from the curve measurements are given in Table CXXVII. 


Table CXXVII. — S.c. Movements on December 10, 1911. 


Station. 

Movoinoiit. 

H. 

T. 


X- 

Duration. 

Antarctic 


y 

y 

O 

0 

Minutes. 

First 

46-7 

49-1 

263 

18 a 

1-26 

... 

Second 

71-1 

79-2 

79 

26 & 

3 

9) 

Third 

4-6 

6-4 

278 

46 a 

1-6 

J» ••• ... 

Fourth 

22-8 

24 -0 

69 

18 & 

1-75 

Mauritius 

Principal 

10 

— 

— 


6 

Buitenzorg 

{ 

11-7 
or 16-6 

11-8 

16-6 

3B3 

351 

6 a 

46 

3 

6 

Alibag 

... ... 

10-7 

10-9 

362 

10 a 

6 

Honolulu 

>3 ... ... 

6-0 

6-2 

363 

13 6 

5 

Helwan 

)) ... ... 

9-7 

10-4 

342 

21 a 

8 

Agincourt 

)) • • . ... 

5-0 


70 



Eskdalenmii 

First 

TrS 

6-3 

236 

0 

1'6 

tf 

Second 

16-1 

16-2 

13 

8 a 

3-6 

Sitka 

First 

6-3 

5-3 

62 

5a 

1*6 

3> ... ... 

Second 

6-9 

7-2 

296 

17 6 

4*5 
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la the Antarctic conditions became conspicuously more disturbed immediately 
tbe s.c. occurred. "Witbin an hour conditions were highly disturbed, and very large 
movements followed. In the time of 180° E the s.c. occurred between 3 h. and 4h. 
of December 11, and the ranges for that day were 434y in N', 727y in E', and 331y 
in V. At Eskdalemuir and the other co-operating stations conditions remained fairly 
quiet for 8 hours after the s.c. A magnetic storm then ensued, especially active at Sitka, 
which lasted most of the subsequent day. Further particulars will be found in 
Section 110 and Table CLX. 

In this case we have a somewhat insignificant s.c. associated apparently with a very 
active magnetic storm. Also the s.c. was particularly small at the North American 
stations, where the subsequent disturbance was particularly large. 

January 17, 1912, PlMe XXY. 

Section 74. — ^The s.c. of January 17, 1912, began about 4h. 42m. G.M.T. In the 
Antarctic conditions had been quiet during the previous 2 hours, but prior to that the 
customary amount of disturbance had prevailed. At Eskdalemuir, and at least the 
majority of the co-operating stations, conditions had been very quiet for 5 or 
6 hours, and no disturbance of any size had been recorded during the whole of the 
previous day. 

In the Antarctic a somewhat similar movement, which was not, however, repre- 
sented elsewhere, had occurred about 4 hours earlier. The s.c. movement itself in the 
Antarctic was less sharply defined than usual, the turning points being rounded, especially 
in the V trace. Also while the first movement in E' and V was as usual down the sheet, 
the first movement in N' was up the sheet. In the oscillation which occurred 4 hours 
earlier, the first movement had the direction usual in s.c.’s, being down the sheet in all 
three elements. 

At Mauritius H rose about lly in 7 minutes. It is difficult to assign an end to the 
s.c. because the diminution in the slope of the trace was gradual, and the value of H 
continued to rise uninterruptedly for fuUy an hour. The trace had a distinctly crested 
appearance, but more than one point might be selected for the end of the crest. The 
choice giving the shortest duration would make the end about 1 h. 60 m. subsequent 
to the s.c. Corresponding at least approximately with the s.c. movement in H, there 
was in D a westerly movement with a force equivalent of about 7y. If anything, the 
D movement seemed to commence a little after the H movement, but the hour intervals 
in the two curves differed. 

At Buitenzorg the movements were of the usual type and unidirectional in N and 
E, the N movement being of considerable size. The E and V traces were going up 
the sheet at the time, and presumably the forces causing these movements continued 
to act during the s.c., reducing the amplitudes of the small s.c. movements down the 
sheet. The lowest point in the V curve answers apparently to a point in the N curve 
where a slight slackening appears in the rate of rise. The recovery in V had proceeded 
some way before, the summit of the N curve was reached, and before it ceased the V 
trace had been raised considerably above its undisturbed level. 
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At AHbag the movements were in the main of the usual tjrpe. The D and V 
traces show small cup-like depressions. The H trace, after the usual rapid rise, exhibits 
a further rise at an equally uniform but much slower rate, and a series of irregular move- 
ments carry it stUl further up the sheet. Only the first movement has been regarded as 
included in the s.c. On the whole, the H curve has a somewhat crested appearance. 

At Honolulu the movements were also unidirectional, but the rise in the H and 
the fall in the V trace show a sudden reduction in the rate of change when about half 
the movement had been accomplished. The movement in D is as usual very small, 
and recovery set in at once, leaving a small cup-hke depression. 

The Helwan curves resemble those for Alibag, but the depressions in the D and V 
curves are more conspicuous, and the H cmwe is fully as crested in appearance. 

At Agincourt the movement in H is rounded, and after the summit is reached 
there is an immediate fall equal to about half the rise. Thus the curve is dissimilar 
in appearance from the H curves at Alibag, Honolulu and Helwan. The movement 
in D is small, but appears to be oscillatory, the first movement — an increase of 
westerly declination — ^being reversed a very appreciable time before the summit of the 
H curve is reached. 

At Eskdalemuir the commencing movement is small, and apparently unidirectional 
in all the elements, but the rate of movement diminishes in both the N and E curves before 
the s u m mi t is reached, and a partial recovery sets in at once, as in the Agincourt H curve. 

At Sitka there were previous pulsations visible in the H curve, and the move- 
ment may not have been unidirectional, though on the whole it seems so. After the 
first rise the H curve has a short almost level portion, and then a slight further rise. 
The D curve shows two oscillations. The first movement of the first oscillation seems 
to end synchronously with the first upward movement in H, and in the calculations 
embodied in Table CXXVIII the end of these movements has been accepted as the end 
of the s.c. The V curve shows a succession of small oscillations or pulsations. The 
movement in progress at the time of the s.c. was down the sheet. 

The results derived from the curve measurements are given in Table CXIXVIII. 


Table CXXVIII. — S.c. Movements on January 17, 1912. 


Station. 

Movomont. 

H. 

T. 



Duration. 

Antarctic 


y 

y 

0 

O 

Minutes. 

Erst 

40-3 

41-4 

313 

14 a 

2-6 


Second 

69-0 

70-6 

131 

12 & 

8 

Mauritius 

Principal 

13 

— 



7 

Buitenzorg 

{ 

7-6 
or 17-9 

7-6 

18-0 

363 

0 

2 a 

6b 

3 

7-6 

Alibag 

77 ••• < •* 

17-6 

17>9 

354 

12 a 

8 

Honolulu 

77 ... 

9-3 

9-9 

20 

21b 

6 

Helwan 

77 

10-9 

11-6 

329 

19 a 

6 

Agincourt 

... { 

9-2 
or 13-3 

— 

340 

353 

— 

4 

8 

Eskdalemuir 

7 > • « ■ • * * 

14-9 

16'0 

306 

7 a 

5 

Sitka 

77 ••• •*. 

11-9 

11-9 

10 

6b 

2-6 
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In the Antarctic for the first 6 hours after the s.c., while there was a little more 
disturbance than before the s.c., there was nothing worth mentioning. But between 
11 and 21 hours after the s.c. there were considerable movements, representing at least 
an approach to a magnetic storm. The s.c. occurred between 16 h. and 17 h. of the 
17th in the time of 180“ E, and the ranges on the 18th were 249y in N', 292y in E', 
and 166y in V. At Eskdalemuir the N curve was unquiet after the s.c., exhibiting 
numerous small oscillations during the rest of the day, but there was nothing approaching 
a magnetic storm. There was greater disturbance at Sitka, especially from 6 to 7 hours 
after the s.c. ; during this time a change of about lOOy took place in V in less than an 
hour, and synchronously there was a change of about 12' in D at Agincourt. 

Septemher 30, 1912, Plate XXVI. 

Section 76. — The s.c. of September 30, 1912, began about 21 h. 36 m. G.M.T. During 
the previous 24 hours conditions had been decidedly quiet in the Antarctic, and at least 
as quiet as usual at Eskdalemuir. The crest phenomenon was particularly prominent 
on this occasion, and in addition to the usual traces covering from 1 to 2 hours 
after the s.c., Plate XXVI includes longer portions of curve from the Antarctic, Alibag, 
Honolulu, Helwan, Agincourt and Eskdalemuir for the whole time during which the 
crest persisted. 

In the Antarctic the commencing movement was oscillatory as usual, the second 
movement being much the larger ; but the movements in all the traces were, as on 
April 9, 1911, in the opposite direction to that usual in s.c’s. The end of the first move- 
ment is clear, and the times for the different elements seem to accord, but owing to the 
movements in progress at the time, it is difficult to say exactly when the first movement 
commenced. The start seems pretty clear in N', but in B' either the commencing 
movement suddenly accelerated, or the first part of the upward movement comes from 
a separate source. In V the upward movement was in steps. 

The calculation made of the amplitude of the movement assumed that in V the s.c. 
was represented by the step nearest the summit, and in E' by the part having the steepest 
slope, as this seemed to fit in best with the N' movement. If the E' trace had alone 
existed, it would, have been doubtful whether to talie for the end of the s.c. the end of the 
swift downward motion, or the lowest point which was reached 4 minutes later. 
But the former alternative seems clearly the best, as it fits in with the times indicated 
by the N' and V traces. 

At Mauritius H rose about lly in about 8 minutes. There was also apparently 
a very small easterly movement in D, with a force equivalent of about 2y. 

At Buitenzorg a number of pulsations had appeared previously in the N curve, 
but so far as can be seen the commencing movement in that element was unidirectional. 
The slope of the upward movement began shortly to fall off, and the final rise near the 
summit is conspicuously slower than the rest. The movement in the E trace seems 
clearly oscillatory. A rapid movement down the sheet came fibrst, then a somewhat 
larger but slower movement up the sheet, and fibnally a still larger movement down the 
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sheet. The V trace shows a very small fall, followed by a considerably larger rise. 
Opinions may well differ as to how to analyse the commencing movements. If we take 
the extreme summit of the N curve as representing the end of the s.c., its duration 
would be 10*6 minutes, which is unusually long. The summit of the N curve answers 
practically to the end of the third movement in E and the second in V. The first 
movement in E had apparently only about half the duration of the first movement in 
V, and no special featiure appeared on the N cirrve at the end of either of these move- 
ments. But the summit of the E curve, representing the end of the second movement 
in that element, seems represented by a marked change of slope in the N curve. If we 
accept this as the end of the s.c., we give it a duration of aboiit 6 minutes. 

At Alibag there seems nothing unusual in the commencing movement. It is 
represented in the D and V curves as usual by a very small temporary depression, and 
in the H curve by a rise, at a slope, which is nearly uniform until close to the summit. 

At Honolulu the large movement up the sheet in H seems preceded by a very small 
downward movement, but pulsations occurred during the two previous hours, and the 
downward movement may be no part of the s.c. After a short time the slope of the rise 
in H fell off. Shortly thereafter it became steep again, but at the end of 6 minutes 
it diminished markedly. The extreme summit was reached about 10 minutes from the 
start. The D trace was moving up the sheet prior to the s.c., and the commencing 
movement down the sheet was so small that it practically amounted to merely 
neutralising the rise. The V trace went perceptibly down the sheet in two steps, and 
then went up again. The end of the second step in V seems to answer in time to the 
marked slackening near the summit of the N trace, which suggests 6 minutes for the 
duration of the s.c. 

At Helwan the H trace closely resembles that at Alibag. The D curve shows an 
almost imperceptible temporary depression. The V curve shows a decided fall, followed 
by a slower recovery. 

At Agincourt the commencing H movement was apparently oscillatory, a small 
movement down the sheet preceding a moderate movement upwards. The rate of rise 
was very rapid at first, but fell off considerably, though remaining fairly rapid until the 
summit was reached. The D movement was insignificant, but apparent oscillatory. 

At Eskdalemuir the principal movement in N, up the sheet, seems preceded by a 
very small fall. This may come from a distinct source, as it seems prior to any viisible 
movement m E or V. The summit in the N curve is rounded, but the change of slope 
is gradual throughout. The rise in the E curve exhibits two fairly distinct slopes. 
The summits in the N and E curves are reached simultaneously, and presumably represent 
the end of the s.c. The fall in the V trace is larger than in some previous cases, and 
during the fall the slope seems fairly uniform. 

No Sitka curves were available. 

The crest is very clearly shown in the H or N curves at aU the stations except the 
Antarctic. It lasted for fully 6 hours, the movements terminating it being to aU 
appearance synchronous at the different stations. The time scale is sufficiently alike 
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at Alibag, Helwan and Eskdalemuir to enable the general similarity of the features 
in the H or N traces at these stations to be taken in at a glance. The phenomenon is 
almost as clear in the E trace as the N trace at Eskdalemuir, so both are reproduced 
in Plate XXVI. The time scale at Agincourt is intermediate between that of the 
ordinary Kew pattern and Eschenhagen magnetographs, so exact correspondence in 
time between the Agincourt and Eskdalemuir phenomena can hardly be decided by 
the eye alone, but the close general resemblance of the Agincourt H trace to the 
Eskdalemuir N trace is easily recognised. The Honolulu H trace is put under the 
Antarctic traces in Plate XXVI, as the time scale was practically the same. The breaks 
in the Honolulu curve arose from the fact that scale value determinations were 
being made. If the Antarctic E' trace were inverted it would have a somewhat crested 
aspect, but neither the N' nor the V trace suggests a crest. 

The results as to the commencing movements derived from the curve measurements 
are given in Table CXXIX. 


Table OXXIX. — S.c. Movements on September 30, 1912. 


Station. 

Movomont. 

ir. 

T. 


Xt 

Duration. 



y 

y 

O 

o 

Minutes. 

Antarctic 

First 

45-6 

46-2 

63 

10 b 

2 

>s ... ... 

Second 

llJ-2 

126-7 

248 

28 a 

4*5 

Mauritius 

Principal 

11 

— 

— 

— 

8 

Buitenzorg 

9> • • • • • • 

r 11-7 
\orld-2 

11-7 

14-6 

1 

352 

0 

12 b 

6 

10*5 

Alibag 

py ... ... 

13-8 

13-8 

354 ' 

4 a 

7 

Honolulu 

j j ... ... 

9-6 

10-1 

15 

18 b 

(5 

Helwan 

j j ... ... 

16-7 

17-8 

348 

20 a 

8 

Agincourt 

it 

15-6 

— 

366 

— 

10 

Eskdalemuir 

yy ... ... 

24-4 

26-0 

339 

1 

12 a 

1 

7 


In the Antarctic after the s.c., conditions became distinctly less quiet than before. 
There was some loss of trace from 7 to hours, and from 11|- to 13^ hours after the 
s.c. During the first of these intervals there was a considerable change in E', which may 
have been oscillatory. With this possible exception the movements, though very much 
in excess of what was customary on quiet days, were of an unusually regular character. 
The s.c. occurred between 9h. and 10 h. of October 1 in the time of 180° E., and the 
ranges shown by the incomplete traces of that day were 210y in N', 288y in E', and 172y 
in V. They were amongst the largest ranges on October days- The crest persisting 
after the s.c. at Eskdalemuir represented only a small force. There were larger move- 
ments in both N and E, from 6 to 18 hours after the s.c., but nothing approaching a 
magnetic storm. A more disturbed state of matters was shown from 6 to 16 hours 
after the s.c. by the Agincourt curves. During this interval there was a range of 84y 
in H and 23' in D. At Alibag and Helwan, after the crest subsided, the curves showed 
the ordinary features of a quiet day. At Alibag this quiet state of matters lasted more 
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than 24 hours. A minor disturbance which began some 30 hours after the s.c. can hardly 
be related to it. 

Further particulars as to the disturbances on September 30 and October 1 , 1912, 
will be found in Section 133 and Table CLXXXV. 

October 20, 1912, Plaie XXVIl. 

Section, 76. — The s.c. of October 20, 1912, began about 17 h. 20 m. G.M.T. From 
10 to 3 hours prior to the s.c., conditions had been unusually quiet in the Antarctic, 
but during the 3 hours immediately preceding the s.c., decided unquietness prevailed, 
incessant small oscillations appearing in all the traces. The preceding unquietness was 
much less conspicuous at the co-operating stations, but pulsations were recognisable 
at most. 

In the Antarctic the s.c. is hardly of the usual type, but rather resembles an enlarged 
pulsation. The two movements down and up the sheet were nearly equal, the first 
being slightly the greater, and the duration was unusually short. The beginning and 
end of the first movement seem identical in the three elements and are very sharply 
defined. Opinions might differ, however, as to the second movement. The V curve 
after returning to its original height remains level for two minutes before going further up 
the sheet in a series of steps. In its case the time when the original level was resumed 
seems the only natural end one can assign to the s.c. The N' trace, after reaching its 
original level synchronously with the V trace, immediately executes a second oscillation. 
In this oscillation the second movement is much tlie larger, raising the trace 
considerably above its original level. If the N' trace stood alone, the first movement of 
the second oscillation might be regarded as merely a short interference with the second 
movement of the s.c. The phenomena in E' resemble those in N', except that the 
second movement of the first oscillation falls short of the original level, and the second 
oscillation only brings the trace to its original level. If the E' trace had stood alone, 
it would have been natural to regard the s.c. as ending with the second oscillation. 
In view, however, of the V phenomena, the end of the first oscillation has been accepted 
for the end of the s.c. in calculating the results in Table CXXX. 

At Mauritius there was a well marked s.c. movement in H, the element rising 17y 
in about 4 minutes. The D trace showed a small easterly movement with a force 
equivalent of about 2y. After the summit of the H trace was reached, there was imme- 
diately a sHght fall, but a well marked crest persisted until about 66 minutes after the 
commencement of the s.c. The fall from the crest took place in a series of steps. 

At Buitenzorg the s.c. presents the usual features, and unlike the Antarctic s.c. 
is larger than usual. The rise in the N curve and the falls in the E and V curves seem 
to end approximately at the same time, but the copy of the V trace received was too 
faint to permit of certainty on this point. Recovery sets in at once, but is only partial 
in N and E. In V, however, as seems usual at Buitenzorg, the trace is raised considerably 
above its original level. 

At Ahbag the movement is unidirectional as usual, and somewhat above the average 
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size in. D and V. As at Buitenzorg, H remained well above its undisturbed value for 
over an hour, but the crested appearance is less pronounced than usual. 

At Honolulu the movements in H and D are somewhat above the average size. 
The D trace shows two small knobs. If it stood alone, we should natmally accept the 
summit of the first and higher knob as representing the end of the s.c. In support of 
this view there is the further fact that the first summit in D tallies fairly in time with 
a point on the H trace where the slope distinctly falls off. On the other hand, the slope 
in the H trace after this point remains steep, and as the H movement is much the largest 
its summit seems the natural limit to take. The V trace shows a fairly steep fall, 
occupying somewhat longer than the rise to the first sumnut in D, succeeded by a nearly 
level part. It thus afiords little guidance for fixing the end of the s.c. 

At Honolulu an exceptional feature is the very considerable movement up the 
sheet in V, which set in shortly after the s.c. and continued for several hours. 

At Helwan the movements are of the type usually encountered there, except that 
the recovery which set in at once in D brought the trace to somewhat above its original 
level, and was immediately followed by a movement in the same direction as the 
commencing movement and fully larger. A considerable resemblance will be noticed 
between the H traces after the s.c. at Alibag, Honolulu and Helwan, and the N trace at 
Buitenzorg. The chief difference is that the H trace at Honolulu has a general tendency 
up the sheet as compared with the others. 

At Agincourt the curves, especially the H curve, were hot very clear. Apparently 
the commencing movement in H was oscillatory, a small movement down the sheet 
preceding a much larger movement up the sheet ; but the slope of the upward movement 
is interrupted by a pulsation, and the first movement down the sheet may represent 
part of a preceding pulsation. The D movement was clearly oscillatory, a sharp 
movement up the sheet {i.e., to the West) preceding a larger movement down the 
sheet. The slope of the downward movement suddenly fell off about half-way down. 

At Eskdalemuir the commencing movement was oscillatory in N and E, the 
downward movement in N being relatively considerable. The E trace presents two 
summits, the connecting ridge showing a very slight dip. .It is the second summit 
which corresponds in time with the summit in N ; the earlier summit in E corresponds 
with a reduction in the slope of the N trace. So far as can be seen, V had a uni- 
directional movement down the sheet, which began and ended synchronously with the 
second movement in N, but it may have been preceded by a movement up the sheet 
too small for recognition. 

At Sitka the V trace at the time of the s.p. was invisible. The movement appeared 
oscillatory in H .and D. The first movement, down the sheet in both elements, was 
noticeably more rapid than the movements in somewhat numerous pulsations which 
preceded it, and so was presumably reaUy part of the s.c. The D trace shows two 
summits, the second a trifle the higher ; but the first corresponds in time with the summit 
of the H trace, and so has been regarded as marldng the end of the s.c. The second 
summit in the D trace has a corresponding but relatively insignificant peak on the H 
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trace. Both curves then show a rapid fall carrying them below their undisturbed 
levels, and irregular oscillations ensue. 

The resrdts derived from the curve measurements are given in Table CXXX. 


Table CXXX. — S.c. Movements on October 20, 1912. 


Station. 

Movoment, 

1 

T. 


X. 

Duration. 




y 

y 

0 

0 

Minutes. 

Antarctic 

First 


38-0 

39-9 

232 

17 a 

1 

f, f ■. • 

Second 


32-2 

34-0 

42 

19 6 

2-6 

Maijjitius 

Principal ... 


17 

— 

— 


4 

Biiitenzorg 



28-0 

28-1 

360 

5 a 

6 

Alibag 

jf ... 


22-2 

22-4 

349 

7 a 

6 

Honolulu 

39 


/ 7-4 

\orl2-6 

8-1 

12-9 

333 

26 

23 b 
Ub 

1-76 

6 

Helwan 

39 


22-1 

23-3 

361 

19 a 

5-5 

Agincourt 

First 


1 8-4 

— 

226 

— 

2 

j) ««« ... 

Second 


29-9 

— 

36 

— 

8 

Eskdalemuir 

First 


7-3 

7-3 

167 

0 

1'5 

,, ... ... 

Second 


36-3 

36*6 

346 

6 a 

6 

Sitka 

First 


3-6 

— 

170 

— 

0-6 

... 

Second 


21-2 

— 

342 

— 

1-6 

... ... ... 

Third 

... 

32*9 

— 

163 

— 

7 


The unquiet conditions which had prevailed in the Antarctic for 3 hours before 
the s.c. developed further after it, and the curves were decidedly oscillatory until 8 
hours after the s.c., when quiet conditions once more prevailed. The s.c. occurred 
between 5 h. and 6 h. on October 21 in the time of 180° E., and the ranges on that 
day, viz., 180y in N', IlOy in E' and 122y in V were in no way remarkable. A return 
to quietness about 8 hours after the s.c. seems fairly characteristic of most stations. 
The disturbances which followed the s.c. were in general only sufficient to prevent 
the day being regarded as a quiet one. 

Section 77. — ^Table CXXXI, p. 246, is intended to summarise the results as to the 
directions of the s.c. movements. Those movements which seem preliminary or subsidiary 
to the principal ones are in ordinary type, the principal movement or movements being in 
heavy type. A plus sign means in dH an increase of horizontal force, in .^ID an increase 
of easterly or decrease of westerly declination, in dN a force to geographical North, 
in dE a force to geographical East, in dV a force directed downwards on a north 
pole. The minus sign means the opposite. A sign of interrogation means that for some 
reason, usually the smallness of the apparent movement, the existence of the movement 
in question or its connection with the true s.c. movement is doubtful. 

There is inevitably some arbitrariness in the distinctions drawn. Sooner or later 
any sensible departure from the normal is removed, and ^^hether one regards a movement 
as oscillatory or not is partly a question of the personal equation. In the Antarctic 
the oscillatory character of the s.c. movement would probably be admitted by all; 
because while the first movement was usually the smaller and took the least time, the 
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rates of oiiaiige in the two movements were fairly similar, and the amplitudes not so 
widely dissimilar. Again at Alibag few would probably regard the H movements as 
oscillatory, because while a sensible fall from the summit attained during the s.c. 
movement sometimes took place in a short time, the return movement took a long time, 
sometimes several hours, to neutralise the commencing movement. But the description 
of the V movement as normally oscillatory at Buitenzorg, but unidirectional at Alibag 
and Honolulu, is more arbitrary. 

At Alibag and Honolulu the V trace was ia general visibly cup-shaped, which implies 
that after a comparatively short time a recovery had set in comparable in amplitude 
with the commenciag movement. But as a rule the depression produced by the 
commencing movement was not wholly removed for a considerable time, and the 
recovery generally slowed off markedly before the undisturbed position was reached. 
At Buitenzorg, on the other hand, the second V movement usually set in promptly and 
apparently before the commencing N movement was finished, and it was usually con- 
siderably larger than the first movement. It did not stop when the undisturbed level 
was reached, and so could not be regarded as a mere recovery. 

At Buitenzorg declination was only about 0° 60' Bast of North, so practically 
change in N represented change in H, and change in E change in easterly declination. 
Thus results at Buitenzorg, Alibag, Honolulu and Helwan are practically directly 
comparable. At these stations the disturbing force in the horizontal plane is very 
largely changed in H, and one’s attitude to the phenomena is naturally determined almost 
entirely by the H curve. This is more especially the case owing to the fact that the D 
changes at Alibag, Honolulu and Helwan appear on optical comparison to be even 
smaller than they actually are, owing to the insensitiveness of the 1) magnetographs 
as measurers of force. At Alibag in particular 1 mm. represented 11 -Oy in the D trace, 
as compared with 4*6y ia the H trace. Even with the exceptionally good definition 
in the copies of the Alibag curves received, movements in D of the order of ly might 
easily escape detection, and no very exact measurement can be expected of their duration 
or amplitude. 

At Agincourt the s.c. movements were usually by no means large even in H, and 
they exhibited much more diversity of character than at the stations in lower latitudes. 
Whether this variability of type is a natural characteristic of Agincourt, or merely a 
peculiarity of these particular disturbances, I am irnable to say. The s.c. phenomena 
in 1911 and 1912 at Bskdalemuir unquestionably showed less uniformity of type than 
used generally to prevail at Kew Observatory in days prior to artificial disturbances. 
Bskdalemuir is, however, very decidedly more Arctic than Kew in the character of its 
magnetic disturbances, and the fact that the Bskdalemuir magnetographs record N 
and W instead of H and D may tend to make s.c. records more complicated. Oscillations 
were undoubtedly the rule at Bskdalemuir and Sitka, but the first movement was usually 
very short m duration, and of small amplitude compared with the second. 

A point to bear in mind, especially as regards ziB, is that the relation of geographical 


241 


0 



co-ordinate axes to space depends not merely on the hour of the day, but also on the 
latitude and longitude- The times of occurrence of s.c. movements are at least prac- 
tically identical for all stations, but at places like the Antarctic station and Eskdalemuir 
(difEering 170° in longitude), Buitenzorg and Agincourt (differing 186° in longitude), 
and Sitka and Helwan (differing 167° in longitude) a direction in space which is East 
at one station is not far from West at the other. 

A remarkable feature in Table CXXXI is that the disturbing vertical force during 
the principal movement is normally downwards at Honolulu and Sitka, whereas 
at AHbag, Helwan and Eskdalemuir it is upwards. It is also noteworthy that there 
seems nothing at the other stations corresponding to the fundamental difierenoe in 
type exhibited in the Antarctic by certain s.c’s, those for instance of Aprd 8 and 
April 9, 1911. 

Section 78. — ^Tables CXXXII to CXXXV, pp. 247 to 260 present for the several 
stations an analysis of the disturbing forces to which the s.c. movement or movements 
may be assigned. ^dN, dE and JV represent components on the north pole of a magnet 
directed respectively to geographical North, to geographical East, and downwards. 
JX, AY and AZ denote components relative to three axes fixed in the earth ; z 
denotes the earth’s polar axis, the positive direction being from South to North ; x 
and y are directions perpendicular to z, y being in the meridian of Greenwich, and 
X 90° East of Greenwich; <;(» is tan"^ A'X.jAY, and 0 is cos"^ (dZ/ziK), where 

= zlX'^ + dY® -f AZ®. The s.c’s are numbere(J chronologically 1 to 13 to 
facilitate reference. 

Table CXXXII gives details for both the movements constituting the s.c. in the 
Antarctic. It should be noticed that {<}>, 6) and (180° -j- <j&, 180°- 0) represent the 
two directions of one and the same straight lino. Obviously s.c’s Nos. 1, 3, 4, 6, 8, 9, 
10 and 13 form a natural group, and s.c’s Nos. 2, 6 and 12 another group, with opposed 
characteristics. In the first group, N, E and V aU fall in the first movement and 
rise in the second ; in the second group the exact opposite holds, except that in the 
first movement of Nr. 5 zlN instead of a positive has a very small negative value. On 
comparing the mean results obtained for the two groups, it will be recognised that 
we have an approach to movements in a single straight line. It is as if the difference 
between the two groups consisted only in the order of succession of the two phases. 
S.c’s Nos. 7 and 11 are in some ways intermediate between the two groups, but they 
show more resemblance to the more numerous group. 

The first phase of s.c’s Nos. 1, 3, &c., and the second phase of s.c’s, Nos. 2, 6 and 
12 represent what was called a Type A disturbance in the discussion of the Antarctic 
curves of 1902-03 ; the other phase in either case represents what was called a Type 
B disturbance. In 1902-03 the only two s.c’s of which the records were undoubtedly 
complete were those of May 8 and August 20, 1902. On a third occasion, 
August 26, 1903, the H trace may have extended sensibly above the level where it 
became invisible on the sheet, but calculations were made which assumed the visible 
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trace complete. The results originally found were given in Table LXVI of the 1902-03 
volume, but the figures given there for dV on May 8 and August 20, 1902, were in 
error. The V instrument went through various vicissitudes in 1902, and on the two 
occasions in question there was an unusually large parallax between the V curve 
and the base line. This was overlooked, the consequence being that what was really 
the first phase in the V movement was supposed to be the second. On re-examining 
the curves I noticed this oversight, and have accordingly re-calculated the values of 
AX, d Y, AZ, <i> and 6. The s.c. of May 8, 1902, was clearly of the same type as that 
of April 8, 1911 ; while the s.c. of August 20, 1902, was of the opposite type. The 
s.c. of August 25, 1903, bore most resemblance to the group in which the type A 
movement came first, but in one respect it was abnormal. The s.c. occurred at a 
moment when the curves were otherwise considerably disturbed. The first s.c. 
movement in D was down the sheet, and the swing had apparently just stopped when 
the pre-existing disturbance re-asserted itself, the result being a nearly quiescent 
state, followed shortly by a further rapid movement down the sheet. The mean 
values given in Table LXVI of the old discussion included the s.c. of August 26, 1903, 
while its exclusion may be desirable for the reasons just stated. I have accordingly 
repeated the calculations — a course necessary in any case owing to the changes in 
the data for May 8 and August 20, 1902 — ^both when August 26, 1903, is included 
and when it is excluded. The results are given below, with the corresponding results 
from the s.c’s of 1911-12, omitting the two of nondescript type Nos. 7 and 11. 


Tjpe A (Phase with AZ negative). 


Type B (Phase with AZ positive). 




AY 

AZ 

AR 

0 

d 

AX 

AY 

AZ 

AR 


0 


V 

y 

y 

Y 

O 

O 

y 

y 

V 

y 

0 

0 

1902-03 (3 s.o’s) 

-|-26 • 1 

-1-57 -4 

-36 -3 

72-3 

24 

119 

-18-2 

-33-0 

-1-21 -0 

43*1 

209 

61 

1902-03 (2 s.c’s) 

-1-31 -7 

-1-28 -5 

-14-7 

46-1 

48 

109 

-33-2 

-28-6 

-1-12 -0 

46-4 

229 

76 

1911-12(11 s.o’s) 

-H43-1 

-|"29 • 9 

-22-8 

67-2 

56 

113 

-67-3 

-37-1 

GO 

+ 

73-7 

237 

68 


For comparative purposes significance attaches mainly to the values of (f> and 
0, because the amplitude varies immensely from one s.c. to another, and the relative 
magnitude of the A and B disturbances depends on the proportion of oases in which 
A is the first or the second movement. 

The positions of the stations were slightly different, 77® 61' S. and 166® 46' E. in 
1902-03, but 77® 38' S. and 166® 24' E. in 1911-12. We should certainly not expect 
so small a difference in site to exert much influence, but considering the comparative 
proximity of the south magnetic pole we should not expect identical values of (f> and 
6, even in the case of the same disturbances. 

When consulting the 1902-03 volume it should be noticed that in Table LXVI, 



JV was counted positive when the vertical force increased numerically, thus the 
HignB require reversal for comparison with the results ia the present volume. 

Three other s.o’s occurring respectively on November 6, 1902, April 5 and 
December 13, 1903, were imperfectly recorded. On November 6, 1902, the D 
movement was too rapid to leave a visible record. On April 6, 1903, the first phase 
seems completely shown, though the D and H traces are very faint, but the second 
H movement went beyond the limits of registration. On these two occasions the 
B.C., so far as can be seen, was clearly of the same type as that of April 9, 1911. On 
December 13, 1903, the H magnetograph was out of action. Judging by the traces 
of the other elements, the s.o. was of the same type as that of April 8, 1911. 

In the case of Buitenzorg and Alibag, Table CXXXIII, riX and AY are so small 
compared with dZ, that little weight attaches to values of <j> for individual s.o’s. 
This is especially true of Buitenzorg. At Alibag by treating 3° on June 30 as 363° 
an arithmetic mean can fairly be calculated for 6, and the little difEerence between 
it and the corresponding mean derived from the algebraic mean values of zlX and 
AY encourages the hope that the results possess some significance. They indicate 
that the commencing movement has in general a westerly component. It must, 
however, be aolcnowledged that the corresponding mean value obtained for </> in 1902-03, 
from a smaller number of s.c’s, was very different, being 184°. The mean value 
obtained for 6 from the s.c’s of 1902-03 was 11°, and so accorded much better with the 
results in Table CXXXIII. It is interesting to notice that so far as 0 is concerned 
there is no decided difference at either Buitenzorg or Alibag between the two groups 
of s.c’s for which such opposite results were obtained in the Antarctic. 

At Honolulu and Helwan, Table CXXXIV, there is again no special peculiarity 
in s.c’s Nos. 2, 6 and 12. At Honolulu the component perpendicular to the meridian 
is usually small, but on the whole easterly ; at Helwan it is unmistakably westerly. 
The value of <f> is less variable, but the value of 0 more variable at these than at the 
more southern stations. The amplitudes rule distinctly smaller at Honolulu than at 
the other stations. 

At Eskdalemuir and Sitka, Table CXXXV, the s.o. movements were generally 
oscillatory, but the movement with riN or All positive was usually very dominant and 
it alone is dealt with in the table. The amplitude is generally greater at Eskdalemuir 
and Sitka than at Buitenzorg or Alibag, but there are exceptions to this rule, 
e.g., Nos. 7 and 12 at Eskdalemuir, and No. 11 at Sitka. The mean values of 0 and 0 
at Eskdalemuir are fairly similar to the values obtained for Kew from 4 s.c’s in 1902-03, 
viz. <!> = 220°, e = 62°. 

Section 79. — A study of the hours of occurrence of the s.c’s discloses a curious 
feature in the Antarctic s.c’s. They can be arranged in three groups as has been done 
in Table CXXXVI, p. 261. 

If it is purely accidental, it is truly remarkable that all the s.c’s in which the B 
movement came first occurred between 21 h. and 23^ h., while all the s.c’s in which the 
A movement came first occurred between 11^ h. and 17^ h. Also, considering the 
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number of the s.c’s, the non-occurrence* of a single one between 4h. 42 m. 
and lib. 21m., between 17 h. 20m. and 21 h. 3m., or between 23 h. 25m. and 
4h. 8 m., seems a little curious. It certainly looks as if the hour of the day had a 
decided influence on the type of the Antarctic s.c. 

At the other stations with the possible exception of Sitka, there is at least no 
conspicuous difference between the s.c’s which occur at different hours of the day. 
At Sitka s.c. No. 2 has an exceptionally large value of ^E, and as no traces of 
Nos. 6 and 12 were received, they may have exhibited the same peculiarity. 

Our discussion of s.c’s will have shown that they are not such simple phenomena 
as the records from stations in low latitudes are apt to suggest ; but they undoubtedly 
afford a promising field for investigation. Their study would be facilitated by the 
existence of magnetographs having a more open time scale, and greater sensitiveness 
than is common at present. This is especially true of D magnetographs in tropical 
latitudes. There is also at present a lack of information as to the characteristics of 
s.c’s in high northern latitudes, or as to the influence of a big difference of longitude 
in high latitudes both North and South. We now know beyond a shadow of a doubt 
that s.c’s are much larger in the Antarctic than m temperate or tropical latitudes, 
but we do not know whether the Arctic shares the pre-eminence of the Antarctic. 
The want of the moment seems to be fresh facts, rather than speculations as to the 
cause of the phenomena. We do not at present have the information necessary to 
put theory to an adequate test. 


* Subsequent investigation showed, however, two cases that may have been s.o,*b, which occurred 
between 7h. and 8h. G.M.T. The first on December 14, 1911, at 7h. 68 m., was the more doubtful of 
the two. It appeared to be of the dominant s.o. typo, but the first movement down the sheet was small 
in B' and V and hardly represented in N'. The second case occurred on December 26, 1911, at 7h. 36 zu. 
There were synchronous movements at Bskdslemuir resembling an s.c. In E* the disturbance was clearly 
of the dominant s.o. type, but the movement down the sheet was only about a tenth of the subsequent 
movement up the sheet. The movements in N' and V seemed also of the dominant sa type, but oscilla- 
tions were taking place at the time in N*, and the first movement in V was very small. 



Table CXXXI. — ^Directions of s,c. Movements. 
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Table CXXXTI. — ^Analysis of s.c. Movements in. Antarctic. 
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Table GXXXTTT . — ^Analysis of s.c. Movements at Buitenzorg and Alibag. 
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Table CXXXIV. — ^Analysis of s.c. Movements at Honolulu and Helwan. 
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Ta 3I^ OXXXV. — ^Analysis of s.c. Movements at EaTrc^alp.TrmiT and Sitka. 
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Table CXXXVI. — Times of Occurrence of s.o. Movements of Difierent Types. 


S.c*s with Type A movement first. 

S.o’b with Type B movement first. 

Intermediate 8.c 

’s. 

Date. 

HonraM-T. 

Date. 

HourG.M.T. 

Date, 

HoiirG.M.T. 


h. m. 


li. m. 

• 

h. m. 

May 8, 1902 

11 59 

August 20, 1902 ... 

21 3 

October 2, 1911 ... 

4 8 

November 6, 1902 ... 

15 52 

Aprils, 1903 

23 25 

January 17, 1912 ... 

4 42 

December 13, 1903 ... 

12 29 

August 25, 1903 ... 

22 67 



April 8, 1911 

11 21 

April 9, 1911 

22 21 



May 29, 1911 

14 34 

June 30, 1911 

21 60 



Jrme 9, 1911 

16 31 

September 30, 1912 

21 36 



August 19, 1911 

12 16 





November 8, 1911 ... 

13 43 





November 12, 1911... 

15 5 





December 10, 1911 ... 

15 39 





October 20, 1912 ... 

17 20 
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CHAPTER XL 


SHORT PERIOD DISTURBANCES, INCLUDING THOSE OP THE 

“SPECIAL TYPE.” 

Section 80. — In the discussion of the 1902-03 data a separate chapter (Chap. X., 
p. 186) was devoted to the “ special type of disturbance,” examples of which were shown 
in Plates XXVII (June 19, 1903), XXVIII (June 28, 1903), XXIX (June 29, 1903), XXX 
(July 26, 1003) and XXXI (August 17, 1903). The difference in the magnetograph 
arrangements makes comparison of the old and new records difficult, but with the aid 
of the accompanying Pig. 4, a general idea of their inter-relationships can be easily 
obtained. 



H and D magnetographs may be regarded as measuring changes of force respectively 
in and perpendicular to the magnetic meridian. The mean position of the magnetic 
meridian at the observing hut in 1902-03 was 162° 40' East of North. Thus a rise of 
H and a rise of D may be regarded as increases of force, the one along a line 27° 20' 
East of South, the other along a line 27° 20' South of West. In 1902-03, however, 
D and H both diminished with movement up the sheet. Thus in the 1902-03 
magnetograms, if we suppose the magnetic meridian the same as in the absolute hut, 
movement up the sheet in D means force in the direction OE" in the figure, 27° 20' 
North of East ; while movement up the sheet in H means force in the direction 
ON", 27° 20' West of North. In the magnetograms of 1911-12 movement up the 
sheet in E' means force in the direction OE' in the figure, 7° 36' South of East, 
while movement up the sheet in S' means force in the direction ON', 7° 36' East of 
North. The inclination 34° 66' of OE" to OE' (or ON" to ON') is not negligible ; 
still in a rough way movement up the sheet in the D and H curves of 1902-3 answers 
to movement up the sheet in the E' and N' curves of 1911-12. But movement up 
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the sheet in the V trace of 1902-03 meant numerical increase of V, and so answered 
to movement down the sheet in the V trace of 1911-12. 

Plates XXVII and XXIX of 1902-03 represent the usual form of the “ special 
type.” They show in D and H movements up the sheet, followed by movements of 
similar size down the sheet. During the first movement of D or H, or as it was called 
the first phase, there is a small movement of V down the sheet (which in the 1911-12 
curves would have been movement up the sheet), and during the second D and H 
movements (or second phase) there is a considerably larger movement of V up the 
sheet (down the sheet in the 1911-12 traces). The result is to leave V numerically 
enhanced above its original value, and in the two cases mentioned the recovery in 
that element was slow, and seemed hardly an essential part of the phenomenon. The 
intermediate Plate XXVIII of 1902-03 shows, however, a case in which, while the D 
and H movements are much as in Plates XXVIl and XXIX, the recovery in V after 
the second phase is fairly rapid, and is in fact much more prominent than the change 
occurring during the first phase. If in this case we attached special importance to 
the phenomena in V, we should regard the disturbance as one having three phases, 
the first and last representing (numerical) fall in V, the mtermediate numerical rise. 
In Plate XXX of 1902-03 the phenomena in D and V are much as in Plate XXVII, 
except that the first phase movement in V is very small ; but the H movements are 
exactly the opposite, the first phase movement being down, the second phase movement 
up the sheet. This was by no means the only example of reversal of direction of 
movement. It appears in 17 of the 82 disturbances of the “ special type ” enumerated on 
pp. 187 and 188 of the 1902-03 volume. The direction of the D movement was 
reversed in only one of the 82 oases. T’ho first phase V movement, though several 
times zero, was actually reversed in only two cases, but usiiaUy it was so small that 
the sign possesses little significance. In the second phase there was invariably a 
(numerical) rise in V. 

The attitude, adopted to the “ special type ” disturbance in 1902-03 was determined 
mainly by the D trace. Owing to the much lower sensitiveness of the V magnetograph, 
the V movements usually made little appeal to the eye, and the existence of a large 
temperature coefidcient in the magnet, and large fluctuations of temperature in the 
magnetograph chamber, rendered its indications less trustworthy as a guide. The 
sensitiveness of the H instrument was high, but the trace was apt to go beyond the 
limits of registration during disturbed times, thus chief regard was paid to the D trace 
when deciding the times of beginning and ending of the phases. This no doubt influenoed 
the results obtained. In the Antarctic minor oscillations are usually superposed on the 
larger ones. Let us suppose two traces, say D and H, both executing a general movement 
up the sheet, due to a principal force system, which, if it acted alone, would bring the 
two traces simultaneously to their highest points. Suppose that at the same time a 
secondary field tends to produce short-period oscillations of varying size and duration, 
which are not exactly in phase in the two elements. The consequence is that several 
summits of different heights will appear in the traces, and the chances are that the 
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absolutely bigbest peaks in tbe two will not syncbronise in time. If we regard tbe phase 
as terminating when tbe highest peak in the D trace is reached, we shall get a larger 
value for (D movement/H movement) than if we regard the end of the phase as 
determined by the highest summit on the H trace. 

Plate XXXIV for July 12, 1911, shows a disturbance fairly representative of what 
was considered normal in the “ special type ” disturbance of 1902-03. In the horizontal 
components the up and down movements are of similar size ; in V, however, the first 
movement is relatively small. After the second movements there is some recovery 
in N' and V, giving the traces something of the bay form, but the V trace remains 
down the sheet (i.e., V is numerically enhanced) for several hours. In this case the 
minor oscillations are relatively small, still they exist, and the times one would assign 
for the end of the first phase from separate consideration of the three traces would not 
be identical. The highest summit in the V trace precedes the highest summits in the 
other traces. In 1911-12 this was in fact the rule rather than the exception. There 
are three nearly equal peaks in N', and three nearly equal peaks in E'. The third and 
slightly highest peak in E' occurred 3 or 4 minutes after the third peak in N', 
and 9 or 10 minutes after the summit in V ; and the values of N' and V which 
correspond to it in time are widely different from those answering to the highest peaks 
in the N' and V traces. On the other hand, the values of E' and N' which correspond 
in time with the summit in V are much below the values answering to the highest peaks 
in these elements. In this case the middle peak in N' seems the fairest to take as 
representing the end of the first phase.’ It corresponds with peaks in E' and V which 
are lower, but not so very much lower, than the highest peaks in these elements. 

There is obviously in this instance a similar difficulty in fixing the exact end of the 
second phase. The lowest point in the E' trace did not present itself until nearly 21 h. 
There are corresponding dips in the N' and V traces. So far as N' is concerned, it 
would not much matter whether wo took this dip or one occurring 35 minutes earlier, 
but the V trace shows a marked recovery during these 36 minutes. Thus the earlier 
dip in the N' trace, with the corresponding lowest point in the V trace, seems the more 
natural end to the second phase. Accepting it, however, we get a considerably smaller 
E' change during the second phase, than if our choice had been determined by con- 
sideration of the E' trace alone. There are many, especially of the smaller disturbances, 
which present less possibilities of choice, but there are comparatively few in which 
only one choice is possible. Some of the larger disturbances of the type are much less 
simple than that of July 12, 1911, and it is principally these that are reproduced in 
the plates. In preparing the hst of disturbances which was circulated amongst 
observatories, with a request for copies of the curves, the larger Antarctic disturbances 
were naturally selected. 

Section 81 . Plates XXVIII to XL include copies of short-period disturbances* of the 
“ special type ” or analogous types recorded in the Antarctic and at co-operating stations. 
The disturbances of April 30, July 12 and 20, 1911, and Jime 2, 1912, in Plates XXVIII, 
* The hours of occurrence will be found in Table OXXXVII, p. 273. 



XXXIV and XXXVIII, illustrate the more common form of the “special type.” 
In each case there are first up then do'vm movements in all the traces. 
The up and down movements in E' and N' are of the same order of magnitude, 
but the up movement in V is relatively small. In E' there are only the two prominent 
movements or phases. In N', however, a third movement in the same direction as 
the first is clearly apparent in three out of the four cases, and the second movement is 
decidedly larger than the first. In V a third movement exceeding the first in size is 
seen in all four cases, and in Plates XXVIII and XXXVIII (June 2) the most prominent 
phenomenon in the V trace is undoubtedly the bay formed by the second and third 
movements. The average disturbance of the “ special type ” differs from those shown in 
Plates XXVIII, XXXIV and XXXVIII (June 2) chiefly in that it is smaller in 
magnitude and shorter in duration. The disturbance on July 20, 1911, however, is of 
a less simple character than the others classed with it. The commencement of the 
second phase in E' and X' seems delayed. The N' trace, in fact, suggests that a 
second wave, as it were, rolled in before the first had subsided. 

Plates XXXVI (April 5), XXXVIII (May 13), XXXIX and XL show another 
variant of the “ special type.” The distinctive feature is that the N' movements are 
the opposite of those in the more usual form, the first being down, the second up the 
sheet. The E' movements are of the usual kind, the rise coming first. There are so 
many minor irregularities that it is difficult to say whether the characteristic first 
phase movement in V up the sheet is represented or not. It seems to be indicated in 
the April 6 curve, where the bay is inconspicuous. In the other three cases the bay is 
the most prominent phenomenon in V. 

Plates XXIX, XXX, XXXI, XXXII, XXXIII, XXXV, XXXVI (August 24), and 
XXXVII show the remainder of the most prominent short-period disturbances recorded 
in the Antarctic. All present some of the features of the disturbance of the “ special 
type,” but whether they should be regarded as examples of it or not is doubtful. In 
each case there is a bay in V, which if not an essential is, at least, a common feature 
in the “ special type.” On these eight occasions the outstanding feature in the E' traces 
is the existence of one or more deep narrow bays. On May 16, 1911, 4h.-8h., and 
May 6, 1912, the most natural interpretation of the phenomena is that two independent 
disturbances succeeded one another after a short interval, the second being the larger. 
If we take the later of the two disturbances on May 16, 1911, as an example, its 
commencement distmctly suggests the “ special 1ype.” We have a sharp rise and fall in 
E', with a slight rise and larger fall in N', a small rise in V and then a large fall. But 
the fall in E' carries the trace far below its original level, and this fall and the subsequent 
recovery constitute by far the most notable feature of the disturbance. The 
bay they form has analogous bays in the N' and V traces, but still the departure 
of these traces from the form characteristic of the ordinary “ special type ” disturbance 
is hardly fundamental. Very similar remarks apply to the disturbances of May 21, 
July 3, and August 24, 1911. On June 6, July 11 and 31, 1911, and the first disturbance 
of May 6, 1912, there is much irregular distmbance, but in aU cases the narrow bays 
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in the E' traces and the bay in V are essentially phenomena of the same kind as on 
May 16, 1911. The second disturbance on May 6, 1912, between 10 h. and 13 h., has 
some special features. The E' trace has a deep narrow bay, but this is hardly 
represented in N' or V. Again, while the E' trace is not suggestive of the ordinary 
"special type,” the N' trace unquestionably is, and the V trace is remarkable only in that 
the recovery is more rapid and complete than usual. 

Before proceeding further it will be well to consider the 16 short-period 
disturbances illustrated in the plates individually in the light afforded by the 
corresponding records from the co-operating stations. In all cases in the plates the 
arrow shows the direction of the forces acting on the north pole of a magnet. It 
indicates the direction of increase in H or N, in easterly declination or E, and in V force 
directed towards the earth’s centre. 

Section 82. — ^April 30, July 12, 20, 1911, and June 2, 1912, Plates XXVIII, XXXIV 
and XXXVIII. These disturbances, it will be noticed, fall between 6 h. and 9 h., or 
7 h. and 10 h., G.M.T. Let u and u represent respectively large and small movements 
up the sheet, d and d large and small movements down the sheet, and let 1 represent a 
portion of level or nearly level curve. Then, neglecting short-period oscillations and 
small changes of level, we might in general terms describe the several Antarctic 
disturbances as follows : — 



10'. 

N'. 

V. 

April, 30, 1911 

u d 1 

w u 1 

u d u 

July 12, 1911 

u d 1 

u d ii 1 

n d \i 

July 20, 1911 

u d 

u \ d \ 

u d u 

June 2, 1912 

d 1 

%i d ii 1 

u d u 


It should be noticed that m (or u) represents a force on a north pole directed, easterly, 
northerly or towards the earth’s centre. The residual effect at the end of the time 
included in the plates consists in the main in a depression of the V trace down the sheet, 
representing a numerical increase in V above its original value. 

For Mauritius only H and D traces were available. On each occasion the H trace 
showed a decided bay, representing a diminished value of H. On July 12, 1911, and 
June 2, 1912, the bay was rather a shallow one. The D trace showed very little sign 
of disturbance except on July 12, 1911, when the easterly movement normal at the 
hour was interrupted by a westerly movement, leading to a decided bay on the curve. 

At Buitenzorg, as the plates will show, the prominent feature on each occasion 
is the bay, depression, in the N curve. The lack of symmetry in the bays may reasonably 
be ascribed to the fact that the ordinary diurnal variation during the hours included 
would naturally bring the trace down the sheet. The E traces would naturally, in virtue 
of the regular diurnal variation, be convex upwards, but the disturbance tended 


266 



apparently to produce a very small bay, or wbat may be called a dimple. There is 
also in general a suggestion of a bay in the V trace, wbicb was naturally nearly level at 
that time of day. 

At Alibag a shadow bay, depression, is distinctly visible in all the H traces. The 
phenomena are closely similar to those at Mauritius. D and V traces were available 
only for July 20, 1911, when they showed little sign of disturbance. 

Honolulu and Helwan curves were available only for April 30, 1911. At Honolulu 
the H trace showed sensible irregular disturbance, tending on the whole to form a bay 
(depression). The D trace was practically quiet, and the V trace only a little less so. 
AH the Helwan curves show irregular wavelUce movements. There is a decided bay in 
H, similar to that at Alibag. 

For Agincourt H and D traces were available except for July 12, 1911. The 
H trace shows a distinct bay, or depression, in H on April 30 and July 20, 1911, 
but the exact opposite or what we may for brevity call a hump on June 2, 1912. 
The D trace shows humps — representing at Agincourt a westerly followed by an 
easterly movement — ^but the hump on April 30, 1911, is small and accompanied 
by oscillations, while that on June 2, 1912, has a large indentation. 

At Eskdalemuir aU the N curves show distinct bays, i.e., depressions of N. The 
movements in the other elements especially V are mostly trifling, but the E trace of 
April 30 shows a moderate hump, the chief movement in which represents a force directed 
to the west. 

For Sitka there were no traces for June 2, 1912. The principal movements on the 
other occasions, in the notation already employed for the Antarctic, were as follows : — 


Date. 

H. 

D. 

V- 

April 30, 1911 

u d u 

d u d u 

A u d 

July 12, 1911 

u d u 

d u d u 

u d 

July 20, 1911 

u d 

d u 

u d 


Here u (or u) means a rise in H, but a fall in V, and a westerly movement 
in declination. 

Short period oscillations of considerable size accompanied the larger movements. 
The H movements at Sitka are of a less simple type than those at the other 
co-operating stations. In general there is a hump and a bay, the former usually the 
more prominent. The general consequence of the D movements is the production of 
bays, a single bay (i.e., an easterly followed by a westerly movement) on July 20, but 
a double bay on April, 30 and July 12. The prominent feature in V is a hump (first 
fall then rise of force urging a north pole towards earth’s centre). 

The Sitka movements, though notably less than those in the Antarctic, are much 
larger than the movements at any intermediate station. 




April 6, May 13, June 3 atiA August 1, 1912. Plates XXXVI, XXXVIII, XXXIX 

and XL. 


Section 83. — ^Using the same notation as before, the movements in the Antarctic 
curves may be described as follows : — 


Date 

E' 

N' 

V 

April 6, 1912 

n d 

d u 

1 (or u) u 

May 13, 1912 

u d ii 

d u 

1 d u 

June 3, 1912 

u d 

1 d u 

1 cZ u 

August 1, 1912 

u d 

d u d ii 

1 d u 


In all oases numerous short-period oscillations were superposed on the principal 
movements. The general impression left is that of a hump in E', and bays in N' and V. 
The first, and principal, movement in V down the sheet seems to lag behind the first 
movements in the other elements. At the end of the time represented in the plates 
the V trace remains depressed, i.e., the element is numerically enhanced. 

There were no Mauritius curves for April 5. For the other three days there were 
H and D curves, but the D trace on May 13 was almost invisible, and that on June 3 
too faint for measurement. In all cases the H trace showed a decided bay (depression). 
On June 3 and August 1 the westerly movement normal to the hour was neutralised 
or slightly reversed for a time. On May 13 the effect of the disturbance was to very 
sensibly reduce the D movement natural to the three hours below its normal value. 

At Buitenzorg, where there was no trace for any element on April 5, the prominent 
feature in every case is the bay in the N curve. I'lic K curve on June 3 exhibits a 
regular convexity representing presumably the regular diurnal inequality. On May 13 
and August 1 the E trace is visibly distmbed during i)art of the time. I’he V trace 
shows a decided bay on May 13 and on June 3, and a hump followed by a bay on 
August 1. 

No Alibag curves were available except for May 13 and June 3, and on the former 
occasion only H was represented. The only movements worth mentioning are the 
bays in the H curves. 

There were no Honolulu traces, and none from Helwan except for August 1. 

At Helwan on August 1 there was a decided bay, depression, in the H curve, and 
the D curve was slightly undulatory. 

Agincourt H and D traces were available except for April 5. The movements 
were of a considerable size, but of irregular character. On May 13 the H trace shows 
a succession of large oscillations, while the D trace shows one large and numerous 
minor oscillations, which do not seem in phase with those in H. The principal 
movements synchronize with the large bay in the Antarctic N' curve. On June 3 
there is a narrow but fairly deep bay in H, and a corresponding hump in D, which answer 
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roughly in time to the up movement and the faster part of the down movement in 
the Antarctic E' cixrve. During the subsequent time, when the principal Antarctic 
N' and V movements occurred, the Agincourt curves show only minor oscillations. 
On August 1 the main feature at Agincourt is a hump in the D curve. The H trace 
suggests a succession of irregular waves. 

At Eskdalemuir the N traces all show hays, those on May 13 and August 1 of 
considerable depth. The E traces also show decided movements of an undulatory 
character ; on April 5 and August 1 the hump is the prevailing feature ; on May 13 
the appearance of the curve is rather that of a double bay, with an intermediate 
higher portion of trace. The V trace shows on May 13 a fairly deep bay, and on 
August 1 a small dimple towards the end of the time ; on April 6 it is practically 
undisturbed. 

Sitka is represented only on August 1, when the traces were somewhat highly 
disturbed. The principal features are a hump in H, and bays in D and V. The bay 
in V is narrow and deep, and bears no resemblance to that in D. The H and D traces 
have a considerable general resemblance to the Antarctic E' and N' traces respectively. 
But if, as is more natural, we compare H with N' and D with E', we find the 
corresponding curves at the two places more nearly the inverse of one another. The 
principal V movement had finished at Sitka before that in the Antarctic commenced. 

It will have been observed that except in the Antarctic the phenomena presented 
by the disturbances of April 5, May 13, June 3 and August 1, 1912, are closely similar 
to those exhibited by the disturbances of April 30, July 12 and 20, 1911, and June 2, 1912. 

Ma/y 16 md> 21, Jwne 5, July 3, 11, 31, August 24, 1911, and May 5, 1912 . — Plates XXIX, 
XXX, XXXI, XXXII, XXXIII, XXXY, xxxvi and XXXYII. 

Section 84. — ^The Antarctic traces next to be discussed have as a general 
characteristic a series of very sharp deep depressions in the B' curves, and generally 
also in the N' and V curves. On two of the occasions. May 16, 1911, and May 6, 1912, 
there were what seem two independent disturbances, the second of the two being in 
each case much the larger. Using a suflSx r to indicate a specially rapid motion, and 
employing 0 to represent short period oscillations, the principal movements in the 
Antarctic may be described as follows ; — 
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The disturbauces of May 16 and July 3, 1911, were the most striking recorded 
in the Antarctic during 1911 and 1912. On May 16 the V trace seems to have just 
got off the sheet at the lowest point, so that the measured change in V may have been 
slightly exceeded. A quick run was in progress during the latter part of the second 
disturbance on May 16, and the corresponding part of the curve in Plate XXIX has 
been drawn from measurements made on the quick run curve. It does not fully show 
the shorter period oscillations. It wiQ be noticed that in this third group of short- 
period disturbances, as in the two previous groups, there is always a bay in V, and the 
recovery from the depression in the V trace is not completed within the time included 
in the plates, except for the later disturbance of May 5, 1912. Thus the general tendency 
is to leave V numerically enhanced, after the disturbance in the horizontal field seems 
to be completed. 

At Mauritius the main feature is a bay or succession of bays (depressions) in H. 
The H curves are generally similar to the N curves at Buitenzorg and the H curves 
at Alibag. On May 16 the H record did not begin until 4h. Between 4 h. and 8h. 
there seemed to be really two bays, the second and deeper appearing before the 
recovery from the first was complete. Glenerally speaking, the bays are of a rounded 
character, and not similar to the very deep bays in the Antarctic traces. The bay 
between 10 h. and 13 h. on May 6, 1912, was the deepest. The faU and recovery 
were both rapid, as at Alibag. The D traces showed some signs of disturbance, but 
usually the principal feature was the regular diurnal variation. 

At Buitenzorg the outstanding feature in each case is a bay or succession of bays 
in the N curves. On May 16, 1911, there are a succession of bays, the largest partly 
synchronising with the very deep bay in the Antarctic E' curve. The bays in the 
Buitenzorg N curves generally last during the greater part of the disturbance 
shown by the Antarctic curves, and do not show any very exceptional development 
during the specially rapid Antarctic movements. On July 3, 1911, however, the bay 
at Buitenzorg is of shorter duration than usual, and the recovery is unusually rapid. 
The Buitenzorg E and V curves are much quieter, but all show minor disturbance, 
usually of an oscillatory character. On May 21, 1911, there are decided bays in both 
curves, especially the V curve. There are also minor bays or dimples in the V trace 
on July 3, 11 and August 24, 1911, and during the second disturbance of May 6, 1912. 
On the latter occasion there is also a distinct bay in the E curve. 

All the Alibag H traces show bays, corresponding in time to those in the Buitenzorg 
N traces. The Alibag D and V traces, so far as available, show very little visible «ign 
of disturbance, as compared even with the Buitenzorg E and V traces. The difference 
is probably largely due to the difference in sensibility of the magnetographs. 

Honolulu traces were available only for May 21, July 3 and August 24, 1911, and 
for May 6, 1912. On all these occasions, the most prominent feature is a hump on 
the H curve — %.e., an el&vation of H — corresponding generally in time with the bays 
on the Buitenzorg N and Ahbag H curves. The I) traces at Honolulu show very little 
sign of disturbance. The V traces are a little more disturbed. That for July 3, 1911, 


260 



shows a small bay, synchronous with the principal Antarctic movements, while the 
traces for August 24, 1911, and May 6, 1912, show very sensible undulations. 

Helwan traces were available for May 16, June 6 and August 24, 1911, and May 5, 
1912. The H traces show shallow bays, corresponding in time with those in the 
Buitenzorg N and Alibag H curves. On May 16 and June 5 there are only minor 
irregularities in the D and V traces. On August 24 the V trace was very faint ; 
the D trace is practically undisturbed. 

Agincourt D and H traces were available for all the disturbances, except that 
of May 21, 1911. On May 16, 1911, the traces were highly disturbed ; but the move- 
ments are very irregular and it is difl&cult to see their relation to those elsewhere. The 
Agincourt time scale is intermediate between the ordinary Adie and Eschenhagen 
scales, so superposition of the Agincourt traces and those from anywhere else is less 
helpful than usual in the detection of resemblances. The most uniform prominent 
feature in the other disturbances at Agincourt is a hump (swings first to West then 
to East) in the D trace, corresponding in time in a general way with the largest 
Antarctic movements. 

There is a certain resemblance between the Agincourt D and Antarctic E' traces, 
implying that easterly force in the Antarctic was accompanied on the whole by westerly 
force at Agincourt. (The second disturbance on May 6, 1912, is, however, an exception 
to tliis.) But there seems nothing at Agincourt corresponding to the large rapid 
oscillations in the Antarctic. For instance, on July 3, 11 and August 24, 1911, we have 
on the Agincourt D ciirve a large hump, with an almost smooth contour, at the time 
of large rapid E' oscillations in the Antarctic. Tho phenomena exliibited by the 
Agincourt H curves are more irregular. On July 11, 1911, the prominent feature 
is a hump, the greater part of which anticipates tho hump in the D curve and the larger 
movements in the Antarctic. On July 31 and August 24, 1911, and during the second 
disturbance of May 5, 1912, there were decided bays, that of August 24 being of 
considerable depth; while the disturbance of June 5, 1911, may be regarded as a 
double bay. 

Disturbance was less at Eskdalemuic than at Agincourt. On May 16 and June 6, 
1911, the movements, which are chiefly exhibited by the N and E curves, are of an 
irregular undulatory type, and the same is true generally of the other E curves. 

The N curves, whilst also exhibiting numerous minor oscillations, show a decided 
tendency to form bays, but all these are shallow. The Eskdalemuir V traces show 
little signs of disturbance, some being practically straight lines ; but on May 16, 1911, 
there are sensible undulations. 

Sitka curves were available for all the disturbances of the group, except' that of 
June 5, 1911. On May 16, 1911, trace was lacking during two short intervals, and 
as at Agincourt and Eskdalemuir the movements shown were of an unusually irregular 
character. On this occasion the movements which synchronised with the deep narrow 
bay in the Antarctic curves, though considerable, were not more prominent than the 
others. In fact the largest V movements and some of the largest movements in tho 
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otter elements occurred a considerable time later than the principal movements in 
the Antarctic. On aU the other occasions a characteristic and prominent feature at 
Sitka is the hump on the V trace. On May 21, 1911, and May 6, 1912, the range in V 
at Sitka exceeded that in either of the horizontal components ; in fact on the latter 
occasion it slightly exceeded the range of the Antarctic V movement. A hump on the 
Sitka V trace and a bay in the Antarctic V trace both represent a force on the north 
pole of a magnet outwardly directed from the earth’s centre ; so iu a way the principal V 
movements at the two places had the same sense. But there seems no equivalent 
in the Sitka traces to the very rapid V oscillations which form the deep bays in the 
Antarctic on July 3 and August 24, 1911, and May 6, 1912. 

On July 3, 11 and August 24, 1911, there is a certain general resemblance between 
the Sitka H and Antarctic N' curves, but the hump on the Sitka H curve on July 3 
persists during part of the rapid fall in N' in the Antarctic. On May 21, 1911, and 
May 6, 1912, we have on the contrary bays in the Sitka H curves synchronising with 
humps in the Antarctic N' curves. 

The Sitka D trace has a certain resemblance to the Antarctic E' trace on May 21 
and August 24, 1911, and during both disturbances of May 6, 1912 ; but on July 3 
and 11, 1911, the traces are more like the inverse of one another. In no case does there 
seem any large rapid oscillation at Sitka to correspond to the large rapid oscillations 
in the Antarctic. 

Section 85. — The examination of the short-period disturbances included in Plates 
XXVIII to XL shows that except in the Antarctic the disturbances were all 
essentially of the same kind. The most prominent feature at Mauritius, Buitenzorg, 
Alibag, Helwan and Eskdalemuir is a depression in II or N, which lasts during the 
principal Antarctic movements, but seems independent of their particular character. 
Honolulu differs from the stations previously mentioned only in that H is elevated 
instead of being depressed. This somewhat remarkable reversal of H movements 
at Honolulu was also seen in some of the longer storms presently to be 
described. Agincourt is intermediate in latitude between Helwan and Eskdalemuir, 
but the phenomena at Agincourt are quite unlilce those at Eskdalemuir or at 
the more southern stations. In the first place, at Agincourt the D movements 
generally exceed those in H ; and as declination at Agincourt is only about 6° W., 
the difference between D and E traces therr would be insignificant. Then, while 
there are bays in some of the Agincourt H traces, this is by no means always the case, 
and a more characteristic feature is a hump in the D trace, implying a deflection of 
the magnet to the West of its normal position during the height of the disturbance. 

The disturbances at Sitka, the most northerly of the stations, are in every case 
nearest in amplitude to those in the Antarctic. Also, as in the Antarctic, it is the 
Sitka V trace which exhibits the greatest uniformity of type. There are in fact only 
two cases. May 16, 1911, and August 1, 1912, in which a hump is not conspicuous in 
the Sitka V trace. 

There is nothing at any of the co-operating stations which suggests any special 
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hiagnetic activity during the very large, rapid oscillations seen in the Antarctic oil 
some occasions, notably May 16 and 21 and July 3, 1911. I’hus these would seem to 
have been much more local in their incidence than the other movements. 

The fact that the disturbances appear first to diminish as we recede from the 
Antarctic, and then increase — notably in the American stations — may raise a doubt 
whether the disturbances at Agincourt and Sitka were really connected with those 
seen in the Antarctic. But while disturbance at these stations is not so rare an 
event as to preclude the possibility of occasional accidental coincidences, it seems 
quite beyond the range of possibility that there should be on every single occasion 
an accidental coincidence of disturbance in the Antarctic and at Sitka. It will be 
remembered that a parallel phenomenon appeared in the case of sudden commence- 
ments, the amplitude tending to be decidedly greater at Eskdalemuir and Sitka than 
it was at Alibag or Helwan. 

Section 86. — It was originally intended to take measurements from which the 
amphtudes and directions of the disturbance vectors might be found representing 
the changes in the elements in corresponding given intervals of time at the several 
stations. But after consideration this was not done. The frequency and considerable 
amphtude of the shorter period oscillations at some of the stations would have 
interfered with the accuracy of the results, because small errors in the time would in 
many instances have caused serious errors in the measurements. Another consideration 
was that at some of the stations most of the disturbances occurred at hours when the 
normal diurnal changes were rapid, and no satisfactory allowance coixld have been 
made for these changes, without an onerous investigation for which adequate material 
was not available. When a disturbance lasts only a few minutes, as was the case with 
the s.c’s, the neglect of the regular diurnal variation is unlUcely to have serious con- 
sequences, but it is otherwise when a disturbance lasts several hours, unless its range is 
very large compared with that of the diurnal inequality throughout the included time. 

As, however, some idea of the relative magnitude of the disturbance experienced 
at different stations was highly desirable, exact measurements were made of the 
difference between the greatest and least ordinates which were met with during each 
disturbance. The resulting ranges are given in Table CXXXVII, p. 273, along with 
ranges during the included hours derived from the regular diiunal inequality. The 
latter are given in smaller type and are enclosed in parentheses. 

Some of the inequality data were derived from information for individual months 
of 1911 and 1912, as published or as specially communicated by some of the 
observatories. Other inequality data represent means from a period of years. They 
should in no case be regarded as more than an approximation to the range to be 
expected in the average day’s curve between the hours stated. At certain hours, a 
range derived from hourly readings — even when these represent readings at the exact 
hour from unsmoothed curves — ^is practically certain to be an imderestimate of the 
true range, because the extreme values even in the regular diurnal variation do not 
naturally present themselves at exact hours G.M.T. 
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On tlie other hand, it must not be taken for granted that equality or 
approximate equality between the range actually measured and that derived from 
the regular diurnal inequality necessarily implies that disturbance was non-existent 
or very small. Take, for instance, the case of N at Buitenzorg on July 11, 1911. 
According to Table CXXXVII the observed and calculated ranges were respectively 
30y and 27y, the difference 3y being insignificant. But a glance at Plate XXXIII 
shows that the disturbance at Buitenzorg was reaUy considerable. The disturbance 
caused a very decided bay or depression in N. But at that hour of the day there is 
naturally rather a rapid fall in N, and the lowest point reached during the bay 
represented a value of N but little lower than would naturally have been attained 
somewhat later in the day, but still within the time covered by the disturbance. 
Again the disturbance movement may be in the opposite direction to that normal at 
the hour, and the measm’ed range in that case may be even less than that encountered 
during the same period of an undisturbed day. Firrther, it must be remembered that 
the interval, whether 2, 3 or 4 hours, to which the disturbance is assigned was 
naturally longer, on the average fully twice as long as the interval between the extreme 
readings. 

The mean ranges given at the foot of Table CXXXVII were derived only from 
those disturbances in which traces were available of all the elements, except V at 
Mauritius and Agincourt. The Antarctic station and Eskdalemuir are the only stations 
for which there are data for all of the disturbances. The results from the other 
stations are not strictly comparable, as difierent disturbances are lacking at different 
stations, and the amplitudes vary considerably. Still the data at the foot of the 
table give a very fair general idea of the extent to which the different stations were 
affected by disturbances of the kind, and of the relative importance of the contribution 
from the regular diurnal variation. It is clear that at Honolulu, Agincourt and Sitka, 
as well as in the Antarctic, the neglect of the diurnal inequality would make little 
difference, and at Eskdalemuir it would not be serious, but it would be otherwise at 
Mauritius, Buitenzorg, Alibag, and Helwan, especially in the case of the declination 
or the easterly component. 

The table helps to confirm what has been incidentally said as to the large 
amplitudes experienced at Agincourt, and still more at Sitka. At Mauritius and 
Honolulu, on the other hand, the amplitudes seem decidedly less than for stations 
whose latitude is either lower or higher. 

It seems pretty clear that at the tropical stations disturbances of the kind 
illustrated tend to have the disturbing forces acting nearly in the magnetic or 
astronomical meridian, just as we found with the s.o’s, but in the higher latitudes this 
is not the case. The vertical component increases notably in relative importance in 
the higher latitudes. 

Section 87. To get a clearer idea of the relative importance of the different 
disturbances, the value was calculated of v^dH^ + dV® 

at Mauritius and Agincourt) or + dE^ -f JV®, where AH, JD, &c., 
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represent the ranges in the several elements given in Table CXXXVII. This was done 
both for the disturbance figures and for the inequality figures. The results are given 
in Table CXXXVIIT, p. 276, the inequality data being in smaller type and enclosed in 
parentheses. The quantity tabulated — or perhaps better its square — ogives a more 
accurate idea of the general intensity of the disturbance than is derivable from the 
range of any one element. 

The order in which the disturbances present themselves when arranged according 
to magnitude varies a good deal at different stations. In particular, while the 
disturbance of July 3, 1911, comes first in the Antarctic, elsewhere it is rather below 
than above the average. The second disturbances on May 16, 1911, and May 6, 1912, 
are rather outstanding at all the stations, especially the more northern ones. 

In comparing different stations, allowance must be made for the omission of V 
at Mauritius and Agincourt. Notwithstanding the absence of V, the Mauritius value 
is in every case larger than that for Honolulu, and the Agincourt value exceeds that 
for Eskdalemuir in 12 out of 16 cases. The smallness of the Honolulu figures is not 
improbably associated with the fact that the disturbances occurred at hours when 
the regular diurnal changes there were very slow. At Helwan, on the other hand, 
the disturbances occurred at times when the regular diurnal changes are rapid ; but 
in spite of that the Helwan disturbance figure is usually a good deal lower than the 
corresponding Eskdalemuir figure. What is perhaps more surprising is that the 
Helwan figure is in every case but one less than that for Buitenzorg. The Antarctic 
figure is pre-eminent in every case, and the Sitka figure is invariably second. 

Section 88. — ^Measurements were made of the Antarctic curves at some of the more 
prominent points which seemed to correspond in time on the traces of tire three 
elements, with a view to seeing the direction and amplitude of the vectors to which 
the changes of force in the intervals considered might be assigned. The results appear in 
Table CXXXIX, p. 276, where H, T, \fj, x, a, h, have the same meaning as in Table CXXX. 
It gives the times (in the time of 180° E.), as shown on the N' traces, answering to the 
begi nnin g and end of each interval for which the change in force was measured. 
There were small (nearly constant) differential parallax errors for the three elements, 
the N' trace seeming to lag behind the E' and V traces by about 0*6 mm. and 0*9 mm. 
respectively, on the average. These differences were determined from the relative 
positions of the three traces at the end or beginning of each day’s record, and were 
allowed for in the identification of corresponding points on the curves. 

It must be remembered that the direction of the resultant disturbing force was 
in general by no means constant during the interval dealt with. There were practically 
always minor oscillations superposed on the general movement in the trace of each 
element, and the intermediate oscLUations were sometimes far frorh neghgible. Thus 
the angles appearing in Table CXXXIX represent only a species of average direction 
of the disturbance vector for the times stated. In a good many cases the change of 
ordinate measured in one or even two of the traces was less than would have been 
obtained by selecting a shorter period of time, whoUy included within the period 
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selected. The highest and lowest points attained were seldom reached simultaneously 
in the three traces, and the choice made of the interval in any particular case was 
necessarily more favourable to a large range in one element than in the others. The 
case of April 30, 1911, will serve as an example of this. Two sets of results are given 
as alternatives for the first phase. The first alternative took as the end of the first 
phase a prominent peak (almost the highest) in E'. This had a corresponding peak in 
N', which though also prominent fell short of the highest by about 1'5 mm. (ISy). 
A corresponding point is recognisable in the V trace, though somewhat insignificant, 
which is about 7 mm. (63y) below the highest point of that trace. The second 
alternative took a point in V only 0*6 nmi. (5y) below the highest peak in that curve, 
which had corresponding peaks in the E' and N' curves. This N' peak is a trifle 
higher than that given by the first choice, but the new E' peak is lower than that 
first selected by 6 -6 mm. (35y). If our choice had been determined by V alone, we 
should have taken the highest peak which was reached about four minutes after the 
disturbance began, but this would have given on the E' trace a point short of the summit 
employed in the first choice by 14*6 mm. (96y). 

In this particular case the end of the second phase was determined mainly from 
consideration of the V trace, which moved up the sheet smartly after the lowest point 
was passed. A later time — i.e., a longer interval — ^would have been obtained if we 
had taken the lowest point on the N' trace, and a still later time if we had taken 
the lowest point on the E' trace. In eitlier case we would have increased the horizontal 
and reduced the vertical component, and so got a smaller value for x- 

The first pair of entries under May 16, 1911, refer to the earlier disturbance on 
that date. The intervals were selected from consideration of the E' trace ; but in 
this instance the lowest points appeared simultaneously on the three traces. The 
downward movement was arrested, and even reversed for a few minutes, and a 
possible alternative would have been to take the time — 12 minutes from the start — 
when the downward movement was resumed as the commencement of the deep bay. 
This would have given a very appreciably reduced amplitude to the fall, but by 
reducing its duration to 17 minutes would have given a greater mean rapidity of change. 

In the second disturbance on May 16 the initial changes were of the type usually 
presented by the first ‘phase of the special disturbance. There then set in what 
resembled at first the ordinary second phase movement, only it resulted in a deep bay. 
Here again, exactly as with the earlier disturbance of the day, there was a sensible 
arrest of the downward movement — especially in the E' trace — and an alternative 
choice would have given for the deep bay a smaller fall, but an increased mean rate 
of fall. The final part of the fall in E' was quite exceptionally rapid, amounting to 
326y in three minutes, or an average rate of 108y per minute. In the measurement 
of so short a time interval there is of course a possibility of error, but the turning 
points used were very clearly shown, and the error could hardly have exceeded the 
equivalent of O-l mm., i.e., 0*3 minute. The rise was interrupted by oscillations. 
Dming part of it there was a rise of 420y in the course of 13 minutes. 
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On May 21, 1911, there .was apparently an ordinary first phase-movement, well 
shown in both E' and N', followed by what seemed at first the ordinary second-phase 
movement. But after this had been in progress for some 16 minutes, there was a 
sharp reversal in E' and N'. In E' the reversal brought the curve nearly up to the 
level attained at the end of the first phase. In this instance it seemed more natural 
to regard the steep bay as commencing with this second summit in E'. In 
6 minutes E' had fallen 367y, giving a mean rate of eOy per minute. In the course 
of the next 3 minutes there was a large oscillation in E', not clearly shown in the 
original owing to faintness of trace. This brought E' back to nearly the level of the 
lowest point, and the lowest level in the N' trace answers to this second point in E'. 
In this instance it seemed fairest to omit the 3 minutes occupied by the B' 
oscillation, regarding the downward movement in the bay as terminating with the 
commencement of the oscillation, and the upward movement as beginning with its 
termination. 

The movements on June 6, 1911, described as first and second phases, are hardly 
normal examples of the “ special type ” ; and they were followed by a series of oscillatory 
movements, one of which, so far as E' and V are concerned, might fairly have been 
described as a deep bay. In fact, the disturbance in N' hardly suggested the ordinary 
special type,” but rather a succession of independent oscillations. 

The disturbance of July 3, 1911, presented features somewhat similar to those 
of the larger disturbance of May 16 ; but if any time intervened between the end of the 
first phase — ^which appeared a normal example of the special type— and the descent 
proper into the deep bay it was only a few minutes at most. In this case E' fell 61 7y 
in 13 minutes. During the first 6 minutes there was an arrest and reversal of the 
E' movement, and during the remaining 7 minutes there was a fall of 688y, giving 
an average rate of 84y per minute. During the first 6 minutes of the rise there was 
a large oscillation ; the rise during the last 8 minutes amounted to 496y, giving a 
mean rate of 62y per minute. 

On July 11, 1911, the major part of the fall recorded took place in the last 
6 minutes. The commencing movements in E' and V were suggestive of the “ special 
type,” but the first movement in N' was down the sheet, and the general impression 
produced by the traces was rather that of a succession of waves. 

July 12, 1911, was a fairly normal example of the “ special type.” The time 
assigned for the end of the second phase was based on the N' and V curves ; the E' 
curve would have suggested a longer interval. 

On July 20 and July 31, 1911, the disturbances at the commencement seemed 
fairly normal examples of the “ special type,” and limits could fairly be assigned to the 
first phase, though on July 20 the E' trace suggested a longer interval than that taken. 
But in both instances the subsequent course of the curves suggested the intervention 
of disturbance of a different type. 

On August 24, 1911, the earlier part of the disturbance seems of the usual “ special 
type,” the only difficulty beiug to ascribe a definite time for the end of the first phase. 
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The time selected is that suggested by the N' curve. The.extreme summit in Y appeared 
12 minutes earlier and that iu E' 16 minutes later. The points in the N' and V traces 
corresponding to the highest poiut iu E' are easily recognisable, and may fairly be 
regarded like it as marldng the commencement of the fall, which initiates the deep 
narrow bay, particulars of which appear in the table. During the recovery, forming the 
other half of the bay, there were numerous oscillations. The time assigned as the 
end of the bay is that suggested by the E' curves. By extending the duration of the 
bay by 14 minutes we should get larger rises in N' and V, but a much smaller mean 
rate of rise in all the elements. Any choice must be arbitrary as the curves remained 
somewhat highly disturbed for many hours. 

The figures for May 6, 1912, in Table CXXXIX refer to the first and smaller of the 
two disturbances. The E' and V traces suggest the commencement of a disturbance 
of the " special type ” shortly after 20 h., and after rising a little the V trace proceeded, 
though slowly, to go down the sheet in the usual way ; brit after reaching its summit, 
the E' trace showed no marked tendency to come down the sheet, until nearly an hour 
had elapsed, and the X' trace gave no indication of special disturbance until nearly 21 h. 
Thus the deep bay in the three traces was the only thing suggesting itself for measurement. 

On June 2, 1912, the time selected as the end of the first phase gives the full extent 
of the initial rise in V. The highest summits in the E' and N' curves appeared a few 
minutes later, but not simultaneously, and the selection of either as the limit to the 
phase would have failed to indicate the true nature of the commencing V movement. 
Similarly the time selected as the end of the second phase shows the full fall only iu 
V. By extending the second phase 24 minutes, we should have considerably increased 
the falls in E' and N', but have included a large part of the recovery in V. Tf the 
alternatives indicated had been selected, there would naturally have resulted 
considerably smaller values for x in both phases. 

The E' and V traces on June 3 and August 1, 1912, present several of tlie features 
of the " special type,” but the N' traces were peculiar, and the vector in Table CXXXIX, 
during what has been called the first phase, lies in a different quadrant from that xisual 
in “special type ” disturbances. 

The seven deep bays included in Table CXXXIX appear fairly similar in type. 
The results obtained by taking the mean values of A¥j, AN' and AV and calculating 
a resultant force therefrom — ^which we may regard as an algebraic mean — and the 
results obtained by taking the arithmetic means of the values of H, T, i// and x given 
in Table CXXXIX are as follows : — 


Deep Bays. 

1. 

T. 


X- 

B’all mem 

\ Arithmetical mean 

r 

359 

363 

y 

m 

m 

0 

251 

247 

o 

38 a 

39 a 

/Algebraic mean 

293 

343 

74 

31 b 

\ Arithmetical mean 

299 

360 

70 

31 b 
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From either point of view, the rise is decidedly less than the fall. The components 
of the rise and fall movements in the horizontal plane are nearly directed oppositely to 
one another. The recovery, however, in the horizontal components exceeds on the 
average that in the vertical component. Thus the inclination of the resultant vector 
below the horizon in the rise is less than the corresponding inclination above the horizon 
in the fall. 

Section 89. — Particulars of the more normal examples of the special type 
of disturbance, omitting any already discussed in Table CXXXIX, are given in Table 
CXL, p. 277. The end of the first phase and the durations of the two phases supply 
complete information as to the times. Only such disturbances were included as gave 
a plus sign, or zero value, to the commencing movements in both E' and N'. In fixing 
the times, chief regard was had to the E' and N' traces. If the V trace had served 
as the criterion, the duration of the first phase would in many cases have been shortened. 
The dates to which an asterisk is attached are occasions in which the maximum appeared 
in the V trace before the time accepted as the end of the first phase. In aU such cases 
the value ot AY assigned to the first phase would have been algebraically larger, and 
that assigned to the second phase numerically larger, if the end of the first phase had 
been fixed by consideration of the V trace alone. 

The means from the 30 occasions of 1911, the 28 of 1912 and the combined 68 
are given at the foot of the table. 

In the 1902-04 volume analogous particulars are given iu Table LXIX, pp. 187 
and 188, for 82 examples of the “ special type.” The mean durations given there were 
17'0 minutes for the first and 20'5 minutes for the second phase. Thus, in either case, 
the second phase appears to be the longer, but its excess appears to be greater for the 
later period. 

In 1902-03 a considerable proportion of the records were not quite complete, owing 
to loss of trace, and this naturally was especially true of the larger disturbances. In 
1911-12 all the records were complete. There was thus a possibility that any 
comparison between complete records of the two epochs might be misleading through 
the absence of an undue proportion of the larger disturbances of 1902-03. Again no 
disturbance was included in Table CXL in which JN' had a negative sign in the first 
phase. On the other hand in Table LXXII (1902-04 voL), which dealt with those 
disturbances of 1902-03 of which records were complete, some disturbances were 
included in which the sign of in the first phase was abnormal, while all 
disturbances happening between October and March were excluded. Accordingly 
a variety of results obtained for the representative disturbance are included in Table 
CXLI, p. 278. They are calculated from the arithmetic mean of the values of AW, 
JN' and dV for certain specified groups of disturbances of the special type. For 
1911 and 1912 data are given from aU the distijrbances of the separate years, and for 
the two combined, and also for half the disturbances— 16 for 1911, 14 for 1912, and 
29 for the two years combined — ^inoluding those in which the amplitude of disturbance 
was least, Two sets of results are also given for 1902-03, the first being the mean results 
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given in Table LXXII of the old volume, and the second mean results from 60 
disturbances including all for which the record was complete, and in which the first- 
phase movement in H had the ordinary sign. 

The values obtained for rft in both phases are greater for the 29 smaller disturbances 
of 1911-12 than for the whole 68, but as there is a difference in this respect between 
1911 and 1912, the result may be accidental. In any case, the absence of the larger 
disturbances in 1902-03 affords no explanation of the smaller values obtained then 
for \jf. The divergence between the earlier and later results would be increased if we 
supposed the value of H in the magnetograph room in 1902-03 to be over-estimated, 
because any such error would have entailed a corresponding overestimate of the 
component of disturbing force perpendicular to the magnetic meridian, and so 
increased the estimated value of 

In 1911-12 the smaller disturbances show a larger value for x i'll® phase, 
and a smaller value in the second phase, in both respects showing a closer approach 
than the larger disturbances to the 1902-03 results. 

It will be noticed that the disturbances mcluded in Table CXL are confined to 
a limited part of the day. All the times assigned for the end of the first phase are 
included between 17 h, and 24 h. Of the 68 disturbances, 20 occur between 19 h. 
and 20 h., 17 between 20 h. and 21 h., 10 between 21 h. and 22 L, 8 between 18 h. 
and 19 h., 2 between 23 h. and 24 h., and 1 between 17 h. and 18 h. Also all but 6 
of the occurrences are found between March and September ; and May and June 
between them supply 26 out of the 58. In 1902-03 the large maj ority of the disturbances 
of the “ special type ” took place in May, June, July, or August, and the end of the first 
phase presented itself in fully half between 8 p.m. and 10 p.m. L.M.T. Thus the 
phenomenon seems to be mainly developed in winter, and in the late evening, i.e., 
at a season and at a time of the day when Antarctic conditions are normally quieter 
than usual. Some allowance, however, should be made for the fact that during a 
naturally disturbed time a disturbance of the kind would not so readily catch the eye, 
and also there would be more chance of its being obscured by the superposition of 
kregular disturbances from an independent source. 

The first phase in the special type and the rise in the deep bays included 
in Table OXXXIX present some features in common, and the same is true of the 
second phase in the special type and the fall in the deep bays. On the average, 
however, the vectors calculated for the first and second phases, especially the first 
phase, make a smaller angle with the horizontal plane, and the horizontal components 
of the first and second phase vectors have a smaller inclination to the magnetic meridian. 

“ Repetitions ” op Ristuebanobs. 

Section 90. — The fact that distunbances closely resembling one another sometimes 
happen about the same hour of successive days, or after an interval of two or more 
days, seems to have been first noticed by Senor CapeUo in the Lisbon curves. The 
phenomenon has since been observed at other places. Describing it in his celebrated 
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article dealing with “ Terrestrial Magnetism” in the 9th edition of the ‘ Encyclopaedia 
Britannica/ Balfour Stewart employed language almost prophetic of that now used 
in connection with radio-activity. Elsewhere I have described a number of examples 
of the phenomenon at Kew Observatory. In discussing these, I pointed out the 
difficulty of deciding whether any real connection existed between the successive 
disturbances. If disturbances of a certain t 3 rpe tend to occur near fixed hours of the 
day, and if they are fairly numerous, we should naturally expect occasional examples 
of apparent repetitions. In meteorology we have at some stations an almost regular 
development of thunderstorms in certain afternoon hours, at certain seasons of the 
year. An apparent repetition of a thimderstorm in such a case presumably means 
only that the same consequence has followed from similar causes ; it does not imply 
any specially close connection between the storms on consecutive days. But it is 
difficult to be certain that the absence of a storm on a particular day would be without 
prejudice to the occurrence of a storm on the next. 

Plate XLI contains examples of " repetitions ” in the Antarctic. Curves for 
the same element, whether E', N' or V, from the different occasions are juxtaposed, 
to assist the eye in gauging their similarity. The resemblance between curves 1 
and 2 of Eig. A, belonging respectively to July 16 and July 17, 1911, is particularly 
close. 

The commencements in the B' traces are sharp, and the times shown are 
17 h. 30 m. (time of 180“ E.) on July 16, and 17 h. 33 ra. on July 17. As the times 
of stopping registration are recorded only to the nearest minute, the differential 
error between the two days’ curves may ainoimt to one or two minutes. But, in 
any case, we have in this instance two disturbances quite extraordinarily alike in 
both duration and amplitude in all three elements, following one another at an 
interval of almost exactly 24 hours. So far as the B' and V traces are concerned, 
these two disturbances are quite of the ordinary special type, but the N' movements 
are exactly the opposite of those usual, consequently the disturbances are not included 
in Table CXL. 

The remaining disturbances in Fig. A are numbered 3, 4 and 6. The resemblance 
between Nos. 1 and 3, especially in the N' and V curves, is particularly close. The 
E' disturbance No. 3 is, however, distinctly larger than the others. Nos. 4 . and 6 
were originally selected as an independent example of a " repetition ” exhibiting 
an interval of approximately 48 hours (more exactly 49 h. 4 m.). It was then 
noticed that the E' and V traces No. 4 bore a remarkable resemblance to the 
corresponding traces Nos. 1 and 2. The N' traces Nos. 4 and 6, especially 6, show 
a transition towards the ordinary ” special type ” form, and the two disturbances are 
iu fact included in Table CXL. The juxtaposing of the five sets of traces was done 
partly with the object of bringing this transition clearly out. No. 6, it will be noticed 
is decidedly smaller, especially in V, than No, 4, and its duration appears to be less. 
Still the resemblance appeals at once to the eye. The curves of both days, it may 
be added, contained no disturbance at all comparable in size with those shown, for 
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a number of bours on either side of them. The intervening day, June 14, 1912, was 
more disturbed. It contained a disturbance commencing about two hours earlier- 
than that on June 13, which bore some resemblance to the “special type.” The N' 
trace, however, showed only a bay, somewhat similar to, but shallower than the 
bays in Nos. 1 and 2, and the general appearance of the curves would not naturally 
suggest a connection with Nos. 4 and 5. 

Fig. B, Plate XLI, similarly juxtaposes traces of the curves for the same 
elements from four days, two of these. May 2 and 3, 1911, being successive days. 
These foiu disturbances are included in Table OXL. 

May 2 was a considerably more disturbed day than May 3, and the disturbance 
on May 2, i,e,, No. 1, is considerably the larger, especially in V. Still the general 
resemblance of the disturbances is sufficiently strildng m view of their occurrence 
on successive days, at an mtorval approaching 24 hours (more exactly 22 h. 40 m.). 
It will be seen, however, that the resemblance between Nos. 1 and 2 is less close 
than between either Nos. 2 and 3, or Nos. 2 and 4. The interval between 
Nos. 2 and 3 was about two days (more exactly 47 h. 20 m.). But No. 4, whose 
resemblance to No. 2 is at least as close as that of No. 3, followed seven weeks later 
(very nearly at the same hour as No. 2), and can hardly be supposed to be directly 
associated vath any of the other disturbances in Fig. B, unless it be a “ repetition ” 
of No. 1 according to the 27-day period, with the intermediate “repetition” missing. 

The afternoon of May 4, the day intermediate between disturbances Nos. 2 and 3, 
was quieter than that of either of the adjacent days, and it exhibits no disturbance 
the least resembling Nos. 2 and 3, in fact no distiubance of any kind at all approaching 
them in magnitude. The absence of disturbance on the intermediate day is an 
obvious difficulty in the way of accepting any direct comiection between disturbances 
Nos. 2 and 3. 

All the disturbances shown in Plate XLI, except in No. 3, Fig. A, occurred 
when the sun was below the horizon, but apparent “ repetitions ” are not infrequently 
observed during day hours at Kew, and their non-recognition during the Antarctic 
midsummer might well arise from the fact that disturbances were then so numerous, 
and oscillations so rapid, that recognition of resemblances was much less easy. 
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Table CXXXIX,— Sliort-Period Disturbances. Analysis of Antarctic Movements. 


Bato. 

Approximato 

Times. 

(Time of 180® E) 
Erom. To. 


Nature of niovonienfc. 

H. 

T. 

ij,. 

X- 

1911. 

h. m. 

h. m. 



y 

y 

O 

O 

April 30... 

19 34 

20 8 

34 

First phase, first alternative 

211 

215 

73 

11a 

„ 30... 

19 34 

19 57 

23 

First phase, second alternative ... 

167 

167 

60 

46 

,, 30... 

20 8 

20 26 

17 

Second phase, first alternative ... 

168 

286 

260 

64 a 

„ 30... 

19 67 

20 26 

28 

Second phase, second alternative 

138 

314 

240 

64 a 

May 16 ... 

14: 32 

16 1 

29 

Fall in deep bay 

211 

369 

258 

55 a 

„ 16... 

16 1 

16 11 

10 

Rise in deep bay 

204 

267 

79 

40 6 

„ 16 ... 

16 20 

16 36 

16 

First phase 

177 

180 

86 

10 6 

„ 16 ... 

16 36 

17 17 

41 

Fall in deep bay 

683 

701 

261 

34 a 

„ 16 ... 

17 17 

17 47 

30 

Rise in deep bay 

606 

668 

84 

27 6 

.. 21 ... 

21 9 

21 60 

41 

First phase 

192 

196 

39 

11 a 

21 ... 

22 13 

22 19 

6 

Fall in deep bay 

381 

433 

257 

28 a 

„ 21 ... 

22 22 

22 62 

30 

Rise in deep bay 

331 

347 

83 

18 6 

Junes ... 

19 39 

20 3 

24 

First phase 

114 

114 

78 

0 

.. 6 ... 

20 3 

20 32 

29 

Second phase 

206 

293 

269 

46 a 

July 3... 

19 49 

20 9 

20 

First phase 

167 

167 

68 

1 a 

„ 3 ... 

20 9 

20 22 

13 

Fall in deep bay 

663 

780 

266 

32 a 

» 3... 

20 22 

20 36 

13 

Rise in deep, bay 

610 

623 

76 

35 b 

» 11... 

18 39 

19 6 

26 

Fall in deep bay 

219 

312 

243 

46 a 

» 11... 

19 6 

19 16 

11 

Rise in deep bay 

180 

226 

66 

31 h 

„ 12... 

19 38 

19 61 

13 

First phase 

161 

161 

61 

46 

„ 12... 

19 61 

20 16 

26 

Second phase 

148 

183 

224 

36 a 

20... 

18 36 

18 46 

10 

First phase 

101 

102 

64 

96 

„ 31 ... 

20 0 

20 16 

16 

First phase 

111 

111 

66 

66 

August 24 

20 8 

20 36 

28 

First phase *. 

170 

171 

48 

4 6 

24 

20 36 

21 2 

26 

Fall in deep bay, first alternative 

311 

410 

230 

41a 

24 

20 62 

21 2 

10 

Fall in deep bay, second alterna- 

299 

377 

239 

38 a 



1 


tive. 





» 24 

21 2 

21 13 

11 

Rise in deep bay 

221 

261 

63 

28 6 

1912. 









May 6 ... 

21 17 

21 34 

17 

Fall in deep bay 

190 

242 

228 

38 a 

5 ... 

21 34 

21 39 

6 

Rise in deep bay 

142 

171 

38 

34 6 

June 2 ... 

18 63 

19 3 

10 

First phase 

116 

117 

73 

86 

„ 2 ... 

19 3 

19 27 

24 

Second phase 

103 

182 

242 

66 a 

3 ... 

17 11 

17 61 

40 

First phase 

187 

187 

96 

1 a 

» 3 ... 

17 61 

18 32 

41 

Second phase 

136 

163 

267 

34 a 

August 1 

16 14 

16 17 

63 

First phase 

196 

196 

106 

6 a 

1 

16 17 

16 62 

36 

Second phase 

261 

349 

267 

41a 
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Table CXL. — Analysis of Antarctic Disturbances of tlie “ Special Type.” 


Date 


End of 
first phoBo. 


First Phase. 



Second Phase. 



Time of 
180° E. 

Duration. 

JN'. 

^lE'. 

zlv. 

Duration. 

JN'. 

^E'. 


1911. 


h. m. 

Mins. 

y 

y 

y 

Mins. 

y 

y 

y 

February 20* 

20 37 

13 

+ 19 

34 

+ 2 

34 

- 30 

- 48 

- 23 

April 10* 


21 48 

13 

-f- 86 

+ 70 

+ 8 

14 

-- 38 

- 62 

~ 24 

„ 26 


19 6 

16 

+107 

+ 99 

+12 

22 

- 97 

- 78 

- 46 

May 2* 


20 32 

13 

+ 37 

+ 62 

- 8 

38 

- 48 

-106 

- 78 

„ 3* 


19 9 

10 

+ 26 

+ 47 

+ 2 

29 

- 28 

— 43 

— 24 

.. 6 


18 30 

10 

+ 11 

+ 61 

+ 8 

26 

- 24 

- 69 

- 38 

8* 


20 10 

18 

-f' 46 

+109 

+ 8 

36 

- 30 

- 96 

- 49 

12 


17 7 

12 

+ 36 

+ 98 

+16 

16 

- 46 

- 66 

- 33 

» 13 


19 40 

7 

+ 8 

+ 32 

+ 6 

17 

- 4 

- 20 

- IG 

13 


20 9 

12 

+ 21 

+ 46 

H- 8 

16 

~ 15 

- 40 

- 2() 

» 19 


20 10 

9 

+ 64 

+ 47 

+16 

36 

- 42 

-]20 

-164 

.. 20 


20 34 

9 

+ 37 

+ 70 

+ 9 

24 

- 28 

- 40 

- 38 

„ 23* 

. • 1 

18 49 

16 

0 

+ 71 

- 2 

21 

- 13 

- 78 

- 18 

„ 29* 

■ • « 

18 24 

16 

+ 22 

+ 72 

+ 6 

16 

- 40 

- 66 

— 30 

June 10* 


19 16 

7 

+ 91 

+104 

+19 

30 

- 41 

-107 

- 40 

» 13 


19 10 

6 

+148 

+102 

+32 

12 

- 78 

- 28 

- 63 

13 

• . . 

19 26 

4 

+ 76 

+ 71 

+24 

17 

—146 

_ 97 

- 96 

„ 16* 


18 22 

13 

+ 41 

+ 71 

+ 8 

22 

- 62 

- 66 

- 25 

23* 


19 29 

4 

+ 41 

+ 48 

+10 

23 

- 39 

- 66 

- 49 

26 


19 20 

12 

+ 14 

+ 38 

+ 3 

24 

- 24 

- 42 

- 19 

27 


20 32 

6 

+ 16 

+ 16 

+ 3 

11 

~ 15 

- 14 

- 9 

July 2 


20 11 

69 

+131 

+106 

+ 4 

19 

- 65 

- 47 

- 40 

.. 18* 


19 16 

40 

+ 81 

+128 

-15 

27 

- 49 

- 84 

- 47 

» 22* 


21 29 

22 

+ 87 

+ 61 

— 6 

33 

- 76 

- 69 

- 79 

August 3* 


21 7 

. 28 

+ 96 

+ 67 

-r 8 

40 

- 87 

- 66 

- 47 

» 14 


23 52 

14 

+ 68 

+ 27 

+ 2 

28 

- 66 

- 29 

- 30 

„ 28* 


18 69 

18 

+ 67 

+ 88 

0 

22 

- 76 

- 84 

- 49 

„ 31* 


20 20 

28 

+138 

+123 

- 4 

37 

-114 

- 67 

- 80 

September 13* 

21 66 

27 

+148 

+ 69 

- 9 

42 

--136 

- 70 

- 49 

Octpber 20* 

... 

19 67 

18 

+ 96 

+130 

. — 6 

30 

--106 

-106 

- 40 

1912. 











January 13* 


18 61 

26 

+184 

+301 

'+14 , 

48 

-162 

-337 

-113 

February 12 


21 10 

16 

+ 76 

+ 41 

+ 8 

37 

- 67 

- 86 

- 32 

» 15 


21 41 

10 

+ 31 

+ 30 

+ 6 

18 

- 30 

- 26 

~ 16 

March 2 


19 62 

9 

+ 30 

+ 32 

+ 6 

28 

- 48 

- 42 

- 24 

» 16 


21 34 

11 

+ 49 

+ 48 

+ 6 

18 

- 32 

- 39 

- 23 

„ 21* 


21 67 

35 

+ 75 

+ 68 

- 9 

27 

- 61 

- 77 

- 29 

» 24 


19 9 

10 

+ 10 

+ 40 

+ 8 

36 

- 20 

- 39 

— 16 

» 24 


20 11 

26 

+ 40 

+ 26 

i + 6 

26 

- 32 

29 

- 10 

.. 30 

May 2* 


18 37 

15 

+ 8 

+ 78 

8 

14 

- 27 

- 32 

- 26 


19 3 

27 

+ 27 

+ 74 

0 

23 

- 17 

- 67 

- 29 

„ 8 ... 


21 48 

24 

+ 22 

+ 47 

- 4 

24 

- 37 

- 66 

- 48 

„ 26... ■ 


20 69 

20 

+ 48 

+ 46 

- 2 

31 

- 42 

- 37 

- 30 

June 8* 


19 8 

19 

+ 34 

+131 

- 2 

26 

- 70 

-123 

- 76 

„ 13... 


18 24 

10 

+ 1 

+ 39 

+ 2 

12 

- 16 

- 29 

- 24 

„ 16... 


19 24 

7 

+ 10 

+ 24 

+ 6 

12 

— 9 

- 14 

- 10 

27* 


20 48 

23 

+ 32 

+ 51 

0 

27 

- 87 

- 68 

•-103 

July 17... 


20 68 

18 

+ 20 

+ 38 

+ 3 

23 

- 20 

- 30 

- 17 

„ 20* 


19 40 

16 

+ 27 

+ 74 

+ 8 

24 

- 31 

- 27 

- 36 





Table CXL. — continved. 


Date. 

End of 
first phase. 
Time of 
180° E. 

Eirst Phase. 

Second Phase. 

DoratioiL 

AN'. 

/JE'. 

AV. 

Duration. 

AN'. 

zlE'. 

AY. 

1912. 

h. m. 

Mina. 

y 

y 

y 


y 

y 

y 


20 12 

12 

+ 36 

+ 46 

+ 2 

34 

- 38 

- 69 

- 24 

19 ... 

21 9 

7 

“f* 88 

+ 79 

+17 

24 

- 40 

66 

- 63 

20* ... 

20 38 

16 

+ 29 

+ 28 

+ 2 

17 

- 26 

- 23 

- 13 

22* ... 

19 37 

16 

+ 26 

+ 64 

- 1 

29 

- 56 

- 62 

-- 43 

» 24 ... 

20 20 

22 

+ 76 

+ 69 

+ 8 

30 

- 68 

- 46 

- 36 

September 2 ... 

19 54 

7 

mmm 

+ 23 

+ ^ 

20 


- 32 

~ u 

2 ... 

20 38 

24 

+ 33 

+ 27 

+ 8 

34 

-■ 26 

- 32 

- 13 

„ 8*... 

19 46 

12 

+ 42 

+ 66 


49 

- 36 


- 40 

,, 14 ... 

23 9 

16 

+ 19 

+ 48 

+11 


- 28 

- 61 

- 23 

October ... 

19 63 

19 

+ 46 

+ 96 

-2 

37 


-103 

- 78 

Means, 1911 (30 cases) ... 

16-9 

+61-6 

+71-2 

+4-9 

26-3 

-64-4 

-64-7 

-46-1 

„ 1912 (28 cases) ... 

16-8 

+40-6 


+4-4 

26-7 

-42-6 

-69-8 

-36-8 

,, 2 years (68 cases) ... 

16-3 

+61 -4 

+66-2 

+4-7 

26-0 

-48-7 

-62-3 

--40-6 


Table CXLI. — ^Disturbances of the Special Type.” Mean Results. 



— 

Num- 

ber. 

First Phase. 

Second Phase. 

Dura- 

tion. 

H. 

T. 

+ 

X- 

Dura- 

tion. 

H. 

T. 


X* 

All the 
distiirbanoes. 

1911 

1912 

Two years 

30 

28 

68 

Mina. 

15*9 

10-8 

16-3 

Y 

94*1 

73-1 

83-8 

y 

94*2 

73*2 

84*0 

0 / 

66 47 
63 49 
59 44 

o / 

3 06 

3 28 6 

3 12 5 

Mins. 

26*3 

26-7 

26*0 

y 

84*5 

73*6 

79*1 

y 

95-8 

81-7 

88-9 

o / 

237 33 
242 7 
239 36 

o / 

28 6 a 

26 Oa 

27 11a 

Tlio 

smallor 

disturbances. 

1911 

1912 

Two years 

16 

14 

29 

11-0 

13*9 

12*7 

60-2 

44-3 

62*5 

60*4 

44*6 

62*7 

65 8 
60 16 
63 9 


22*6 

23*4 

229 

67-8 

42*9 

61*1 

66*1 

46-7 

66-6 

243 66 

240 64 

241 62 

27 19 a 

23 0 a 
26 26 a 

April-Scpt. 

normal. 

1902-3 .... 
1932-3 ... 

61 

60 

““ 

62-8 
72- 1 

83-1 

72-6 

48 33 
41 47 

5 35 6 

6 23 6 

— 

66*2 

66*7 

59*1 

70-8 

223 28 
217 42 

20 47 ft 

21 46 ft 
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CHAPTER XII. 

DISTURBANCES OP LONGER PERIOD, OCCURRING DURING 1911. 

Section 91. — ^As has been aheady explained, the Antarctic curves were at an 
early stage submitted to a general scrutiny, as a result of which a number 
of disturbances were selected for discussion. Applications made for copies of the 
records obtained elsewhere of these disturbances were liberally responded to by the 
authorities in charge of the observatories at Mauritius, Buitenzorg, Alibag, Honolulu, 
Helwan, Agincourt and Sitka. Before making the appeal, the sudden commencements 
and short period oscillations had been sufficiently studied to enable a fairly definite 
programme for their treatment to be drawn up, in advance of the response to the 
appeal. But the question of what should be done in the matter of disturbances 
lasting many hours, was left over for final consideration untd after the reception 
of curves from the co-operating stations. In the Antarctic itself, except at midwinter, 
disturbance is so generally present that it is hardly possible from a study of the 
Antarctic curves alone to specify a time for the end of a disturbance, or a time for 
the beginning of those disturbances which do not have sudden commencements. 
The difference between disturbed and quiet times is much more patent at stations in 
low latitudes. But even in low latitudes there is the difficulty that comparatively 
quiet interludes frequently present themselves during magnetic storms, and what 
one man might regard as a single storm, may be regarded by another man 
as representing two or more storms. There is thus inevitably a good deal that is 
arbitrary in the choice that has been made in the present case. It was partly 
determined by the material available. In some cases, it was a choice between a 
shorter period for which records were available from all or most of the co-operating 
stations, and a longer period for which complete records were available from only 
a few of the stations. Again, when disturbance continued for a very long time, 
there were advantages in treating parts of it separately. There might be different 
phenomena of special interest occurring during the same storm, but at a considerable 
interval of time apart, and some of these might be more in evidence at some of the 
stations than others. It was foimd convenient in aU eases to have exact hours 
G.M.T. for the commencement and ending of the times dealt with, as this enabled 
an estimate to be made of the range of the regular diurnal inequality during 
the interval. This entailed occasionally — e.g., in oases of sudden commencements — 
the inclusion of small portions of quiet curves, but so far at least as the ranges 
during the disturbances were concerned this was immaterial. 

After selecting the interval of time to be discussed, the next step was to measure 
the extreme ordinates of the several elements during the interval, and determine their 

s 4 
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times of occurrence. For each such interval a table of results is given, including the 
times of maximum and minimum, the range of the disturbance — i.e., the difference 
between the extreme ordinates — ^and the range of the regular diurnal inequality within 
the interval. The remarks made as to the diurnal inequality ranges during the 
discussion of the short period disturbances apply also to the disturbances of longer 
period. By the maximum, is meant the numerically largest value of H, the 
algebraically largest value of N, of the easterly declination or easterly component of 
force, and of the vertical component directed downwards on a north pole. 

Following the table there is a discussion of the more prominent features of the 
curves at the several stations proceeding from south to north, and there are usually 
some final remarks on the disturbance as a whole. The ..Antarctic curves for the* 
interval concerned are reproduced in a plate. 

Section 92. — ^The disturbance really began with an s.c. about 11 h. 21 m. on 
April 8th, which has been already described. 

In the Antarctic large oscillations continued for some three hours after the s.c. 
During this time there was a range of 244y in V, exceeding the corresponding ranges 
for the other elements. A quieter though by no means quiet time followed from 14 h. 
to 20 h. There was a large bay-like movement in E' between 20 h. and 24 h. of the 8th, 
followed immediately by another similar movement lasting to 3|h. on the 9th. 
Large comparatively regular movements ensued until 14 h., when there was an 
approach to normal conditions. 

At Mauritius on the 8th after 14 h. there was little disturbance in H imtil after 
19 h, when long period oscillations became prominent and remained so until 6 h. on 
the 9th. From 6h. to 8h. on the 9th the H trace was nearly level. A fall began 
about 8h. 20 m. which continued practically without interruption until 12 h., the 
total fall in this interval amounting to 80y. Between 12 h. and 14j h. on the 9th there 
.was a steady rise amounting to 48/, followed by a quiet time. The changes described 
represent a bay (depression in H) lasting about 6 hours and centring at 12 h. The 
D range assigned to Mauritius in Table OXLII may be an underestimate, as trace 
was lacking from about 2ih. to 7 h. on the 9th. On the trace available the largest D 
movements occurred between 20 h. on the 8th and 2h. on the 9th. The largest 
continuous movement in one direction, lasting from Oh. 66 m. to 1 h. 36 m. on the 9th, 
represented an easterly swing whose force equivalent was 46y. 

At Buitenzorg considerable disturbance prevailed for 2 or 3 hours after the s.c., 
but from 14 h. to 18 h. on the 8th the N curve was unquiet rather disturbed, 
and the D and V traces showed little sign of disturbance. After 19 h. on the 8th the 
disturbance in N gradually increased. While there were short period oscillations, 
what appealed more to the eye, especially after 2h. on the 9th, was the large size of 
the gradual movements across the sheet. The disturbance in E and V was 
comparatively trifling. 

* The reproductions differ from those of the So’s and short storms in that the parallax errors (see 
p. 265) hare not been corrected. 
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Very similar remarks apply to Alibag, Honolulu and Helwan. At all these 
stations the disturbance in H was much more prominent than that in D or V. The 
V traces in particular showed little irregular movement. The particulars in 
Table CXLII as to the hours of maximum and minimum and the ranges in the several 
elements at Honolulu and Helwan are derived from the official publications of these 
observatories. 

Table CXLII. — 11 h. April 8 to 16 h. April 9, 1911. Plate XLII. 


Station. 

Elemont. 

Time(G. 

Maximum. 

M.T.) of 

Minimum. 

Disturbanoe 

Range. 

Inequality 

Range, 



h. 

m. 

h. 

m. 

y 

Y 

Antarctic 

w 

n 

10 (9th) 

1 

67 (9th) 

662 

133 


E' 

9 

29 (9th) 

22 

63 (8th) 

618 

81 


V 

21 

43 (8th) 

12 

30 (9th) 

274 

46 

Mauritius 

H 

11 

36 (8th) 

12 

0 (9th) 

169 

23 


D 

7 

40 (9th) 

21 

20 (8th) 

67 

32 

Buitenzorg 

N 

11 

27 (8th) 

11 

69 (9th) 

276 

41 


E 

22 

50 (8th) 

11 

27 (8th) 

60 

26 


V 

11 

60 (8th) 

1 

46 (9th) 

47 

22 

Alibag 

H 

11 

36 (8th) 

12 

0 (9th) 

191 

49 


D 

22 

26 (8th) 

7 

0 (9th) 

44 

46 


V 

] 

36 (9th) 

11 

26 (8th) 

28 

31 

Honolulu 

11 

11 

24 (8th) 

6 

61 (9th) 

206 

18 


D 

19 

43 (8th) 

0 

18 (9th) 

66 

47 


V 

8 

28 {9th) 

22 

32 (8th) 

43 

21 

Helwan 

H 

11 

23 (8th) 

12 

7 (9th) 

188 

34 


D 

23 

12 (8th) 

11 

23 (8th) 

88 

43 


V 

5 

20 (9th) 

11 

20 (8th) 

44 

20 

Agincourt 

H 

23 

6 (8th) 

8 

40 (9th) 

600+ 

33 


D 

1 

40 (9th) 

9 

0 (9th) 

368 

02 

Eskdalemuir 

N 

2 

44 (9th) 

6 

29 (9th) 

261 

49 


E 

2 

36 (9th) 

5 

27 (9th) 

227 

41 


V 

21 

48 (8th) 

1 

67 (9th) 

210 

26 

Sitka 

H 

6 

11 (9tli) 

8 

12 (9th) 

1014+ 

28 


D 


? (9th) 

6 

18 (9th) 

462 -f" 

41 


V 

3 

23 (9th) 

9 

6 (9th) 

769 

17 


The disturbance at Agincourt was much larger than at the stations in lower 
latitudes, and of a different type. D, though not as highly disturbed as IT, was highly 
disturbed, and both traces were highly oscillatory. The H trace really went off the 
sheet for a short time, so the time of the minimum is only approximate, and the range 
shown was exceeded, though probably only slightly. 

So far as the components in the horizontal plane are concerned, Eskdalemuir 
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seemed to occupy an intermediate position between Helwan and Agincourt. The 
large comparatively slow movements were the most prominent feature, but shorter 
period oscillations were also in evidence. Also the disturbance in E and V at 
Eskdalemuic was not much smaller than in N. 

At Sitka the disturbance was extremely large durmg the later part of the time. 
Near the beginning the disturbance in Sitka was not very striking. The amplitude 
of the s.c. was only about a quarter of that in the Antarctic. Between 14 h. and 19 h. 
on the 8th there were numerous oscillations at Sitka, such as one does not see on a 
really quiet day, but their amplitude was small. Later in the 8th and during the 
morning of the 9th the traces were highly oscillatory. The high sensitiveness of the 
magnetographs led to crossing and reorossing of the traces from the several elements, 
and no doubt tends to give an exaggerated impression of the oscillatory character of 
the disturbance. But from 4h. to 13 h. on the 9th disturbance was conspicuously 
larger at Sitka than in the Antarctic. In the course of just over two hours, as the 
figures in Table CXLII teU us, there was a range of at least 1014>' in H, and as the 
trace was off the sheet for some time the complete range may have been appreciably 
greater. This is much in excess of the largest range, 662y in N', recorded during the 
whole storm in the Antarctic. The data as to times and ranges at Sitka are derived 
from the ofldcial publication of the observatory, so there can be no doubt of their 
substantial accuracy. 

As at Agincourt, D was also highly disturbed at Sitka. The trace was off the 
sheet for nearly an hour in all between 9 h. 48 m. and 12 h. 12 m. on the 9th, and the 
range shown may have been largely exceeded. As at Eskdalemuir, the range in V 
was of the same order as those of the horizontal components, and it was considerably 
more than double the range of V in the Antarctic. 

The large size of the Sitka and Agincourt movements, as compared with those 
at Eskdalemuir, may suggest that local time, i.e., the position of the sun, had a good 
deal to do with the matter, the Sitka movements being mainly developed during the 
late evening and early morning, and so at the time when aurora is most in evidence. 
But local time at Sitka differs from that at Honolulu by only 1| hours, and the 
Honolulu movements are very similar in size to those at Alibag and Helwan. Thus 
it would seem to have been as much a question of latitude as of local time. 

In view of the pre-eminent size of the movements at Sitka towards the end of 
the storm, the insignificance of the s.c. movement there as compared with that in the 
Antarctic seems worthy of notice. In this case, at least, any inference that might 
have been drawn from the size of the s.c. as to the size of the ensuing disturbance 
would have been very wide of the mark. 

It will be seen that there is little obvious relation between the turning points in 
the several elements at the different, stations, except when these presented themselves 
during the s.c. 

Section 93. — This disturbance really began with an s.c. at about 22 h. 21 m. on 
April 9, which has been already described. 
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The Antarctic curves by themselves are more suggestive of a succession of short 
independent disturbances, with quiet interludes, than of a single long continued 
disturbance. The more disturbed times there were roughly from 22 h. 21 m, to 
24 h. on the 9th, from Ij h. to 7^ h., from h. to 11 h, and from 13 h. to 16 h. on the 
10th. If one had only the Antarctic curves to refer to, one would not naturally 
associate the s.c. mth the two last of these intervals, which include a disturbance of 
the special type near 10 h. In fact the Antarctic curves taken alone suggest that what 
promised at 2 h. on April 10 to be a large storm had been nipped in the bud by 6 h. 
The movements ascribed to the Antarctic in Table CXLIII are about thrice as large 
as those of the normal day at the same season. This implies of course considerable 
disturbance, but nothing very exceptional. 

Table CXLIII. — 22 h. April 9 to 16 h. April 10, 1911. Plate XLII. 


Station. 

Element. 

Time (G.] 

Maximum. 

M.T.) of 

Minimum. 

Bisturbanoo 

Range. 

Inequality 

Range. 



h. 

m. 

h. 

m. 

V 

y 

Antarctic 

N' 

14 

20 (10th) 

3 

30 (10th) 

368 

133. 


E' 

6 

40 (10th) 

23 

16 (9th) 

2.38 

77 


V 

23 

30 (9th) 

10 

30 (10th) 

134 

46 

Mauritius 

H 

9 

46 (10th) 

22 

21 (9th) 

42 

21 


D 

23 

10 (9th) 

5 

26 (10th) 

29 

32 

Buitenzorg 

N 

3 

0 (10th) 

10 

20 (10th) 

75 

41 


E 

3 

35 (10th) 

3 

0 (10th) 

21 

26 


V 

3 

20 (10th) 

22 

25 (9th) 

33 

22 

Alibag 

H 

6 

60 (10th) 

13 

30 (10th) 

69 

48 

Honolulu 

H 

9 

44 (10th) 

3 

36 (10th) 

46 

18 


D 

16 

60 (10th) 

23 

26 (9th) 

26 

26 


V 

4 

0 (10th) 

23 

10 (9th) 

19 

16 

Helwan 

H 

9 

40 (10th) 

13 

66 (10th) 

61 

34 


D 

6 

40 (10th) 

12 

66 (10th) 

49 

43 


V 

3 

36 (10t,h) 

9 

DO (10th) 

21 

20 

Agincourt 

H 

22 

26 (9th) 

14 

15 (10th) 

117 

30 


D 

4 

' O(lOth) 

3 

26 (10th) 

121 

31 

Eskdaleimiir 

N 

22 

30 (9th) 

3 

42 (loth) 

146 

43 


E 

22 

62 (9th) 

3 

18 (10th) 

73 

41 


V 

14 

47 (10th) 

23 

30 (9th) 

37 

22 

Sitka 

H 

3 

10 (10th) 

14 

21 (10th) 

202 

28 


D 

3 

66 (10th) 

3 

26 (10th) 

120 

34 


V 

3 

38 (10th) 

14 

21 (10th) 

207 

17 


At Mauritius the ranges recorded in Table CXLIII may have been exceeded as 
the traces received stopped at 13 h. on the 10th. After the s.c. the H trace remained 
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elevated in a crest, tlie highest point in which appeared at 23 h. 20 m. A. decline 
followed until 24 h. During this time there was a moderate bay, easterly deflection, 
in D. From 0 h. to 3 h. on the 10th quietness prevailed. Between 3 h. and 6 h. the 
H and D traces both showed oscillations, and there was a fall of 21 y in H between 
0 h. 46 m. and 10 h. 20 m. 

The traces received from Buitenzorg stopped at 11 h. 30 m. on the 10th, and so 
•did not include the movements near 14 h., which at some stations were the most 
prominent. The movements associated with the s.c. were not large and had practically 
subsided by 23|-h. on the 9th. During the next two hours the curves showed little 
sign of disturbance. Subsequently there were considerable movements, especially in N. 

For Alibag only the H trace was available, and it did not commence until 3| h. 
on the 10th, -Thus the range in Table CXLIII may have been exceeded. There was 
a good deal of minor disturbance from 6h. imtil 16 h., when conditions became of 
normal quietness. 

At Honolulu the movements associated with the s.c,, which was not very large, 
subsided in about an hour, and for several hours subsequently conditions were quiet. 
There was a pretty prominent bay in H from about 2^h, to 4|-h. on the 10th, and a 
hump from about 9jh. to lOjh., the latter synchronising with the special disturbance 
in the Antarctic. The amphtudes of the movements, as Table CXLIII shows, were 
not large, but the disturbance is entered on the Honolulu list as a storm of class 1 
(the lowest), and is assigned a duration of 26 hours. This is a good deal longer than 
the estimate accepted here. It includes a long quiet interval commencing about 15 h. 
on the 10th. 

At Helwan after the s.c. subsided there were only minor movements, and from 
16 h. to 20 h. on the 10th the traces were exceedingly quiet. 

At Agincourt the s.c. movement itself was large in H. The subsequent movements 
in H though not very large were numerous, and both the H and D curves were distinctly 
disturbed until about 16 h, on the 10th, when a quiet time lasting 4 or 5 hours set in. 

At Eskdalemuir the s.c, movement in N was very large. The disturbances which 
followed in N and E were not large, but they continued with Little intermission until 
16 h. on the 10th. Near 10 h., during the special disturbance in the Antarctic, 
there was no noticeable bay, but there were numerous oscillations in the N and E 
curves. The largest bay-like movements appeared in N from 3 h. to 5 h. and in E from 
2 h. to 4 h. on the 10th, times at which there were large movements in the Antarctic. 

The traces received from Sitka stopped at 18 h, on the 10th, As, however, the 
duration assigned to the storm in the Sitka list puts its termination at about 16jh., 
a quiet interval presumably ensued then as at Agincourt and Eskdalemuir, There 
was a good deal of disturbance at Sitka from 2 h. to 6 h. of the 10th, the time of chief 
activity in the Antarctic, and minor movements from 9|h. to lO^h. during the 
disturbance of the “ special t 3 q)e ” in the Antarctic, but the moat prominent movements 
in H and V occurred from 13 h. to 16 h. There was then a deep regular bay in H, and 
a pyramid-shaped movement in V, the range of the elements during the three hours 
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being 144:>' in H and 127y in V. During this time there was a smaller but still fairly 
conspicuous bay in the H curves at Agincourt, Helwan and Alibag. The ranges during 
the three hours were as follows : — 4Ay in H at Agincourt, 28y in H at Helwan, 23y in 
H at Alibag, 56y in N at Bskdalemuir, and in the Antarctic lOGy in N' and- 124y in E'. 

The magnetic storm of April 9 to 10 was everywhere considerably less than 
that of April 8 to 9. The two disturbances had, however, several common features. 
They were larger in the Antarctic and at Sitka than at any of the intermediate stations. 
The 8 . 0 , and the commencing movements were much larger in the Antarctic than at 
Sitka, but towards the end of the storm the disturbance was larger at Sitka than in 
the Antarctic. At most of the stations the disturbance in V was very small compared 
with that in the horizontal components, but tliis was not the case in the Antarctic and 
at Sitka. Moreover the range of the V disturbance at Sitka exceeded that in the Antarctic. 

Section 94. — The curves generally were very quiet from 16h. to 18h. on April 10. 
But there then ensued a somewhat striking set of movements, possessing somewhat 
unusual features at Alibag and Helwan. Records were not available from Mauritius, 
Buitenzorg, Honolulu or Sitka, and only H traces from Alibag. 


Table CXLIV. — ^20 h. April 10 to 3h. April 11, 1911. Plate XLII. 



Elomont. 

Times of 

Dialiurbanoo 

Inequality 

Station. 

Maximum. 

Minimum. 

Bange. 

Range. 

Antarctic 

N' 

li. m. 

20 48 (10th) 

h. m. 

0 17 (11th) 

y 

322 

?i 


E' 

20 66 (10th) 

0 20 (11th) 

208 

67 


V 

21 26 (10th) 

2 66 (11th) 

82 

19 

Alibag 

H 

0 26 (11th) 

1 30 (11th) 

47 

12 

Helwan 

H 

0 26 (11th) 

1 30 (11th) 

68 

7 


D 

22 26 (10th) 

0 66 (11th) 

14 

3 


V 

1 6 (11th) 

0 16 (11th) 

23 

2 

Agincourt 

H 

20 30 (10th) 

0 6 (11th) 

84 

17 

D 

22 16 (10th) 

0 6 (11th) 

109 

34 

Eakdaleinuir 

N 

23 40 (10th) 

1 10 (11th) 

63 

16 


E 

0 30 (11th) 

20 20 (10th) 

96 

10 


V 

20 60 (10th) 

0 30 (11th) 

8G 

23 


In the Antarctic the disturbance seemed to have died do'wn by 2h. on the 11th. 
The N' and E' curves showed two bays, one of short duration between 20 h. and 21 h, 
on the 10th, the second lasting from about 21 h. on the 10th to 1 h. 40 m. on the 11th. 
The recovery from the second depression was very rapid in both elements. The 
disturbance in V was comparatively small. 

The H traces at Alibag and Helwan were remarkably alilce, and somewhat 
resembled the movements including the crest usually seen on the occasions of s.c^s 
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at these stations, only taken in the reverse order ; i.e,, the rise to the maximum was 
slow, and the fall from it very rapid. The preceding and succeeding portions of trace 
being very quiet, the disturbance has a very isolated appearance. At Helwan, and 
presumably also at Alibag, the D movement was relatively small. The V movement 
at Helwan, though only a third of that in H, was well marked, and also suggestive 
of the ordinary s.c. movement reversed. 

At Agincourt, as at Alibag and Helwan, the largest movement occurred towards 
the end of the disturbance. But the main H movement at Agincourt was a depression, 
and the D range exceeded that of H. The disturbance, however, lasted shorter in 
D than in H, the D trace being very quiet except between 22 h. on the 10th, and 1|- h. 
on the 11th. 

At Bskdalemuir the disturbance in N was somewhat irregular, the element being 
sometimes above and sometimes below the value normal to the hour. The E and V 
movements were much more regular, both traces showing decided bays, representing 
easterly force in the one case, and depression of vertical force in the other. The 
maximum, of easterly force appeared simultaneously with the TnaYimmin 'depression 
in V. The depression in V was of a size one usually finds only with larger disturbance 
in the horizontal components. It had not completely disappeared by 3 h. on the 11th. 

Section 95. — Conditions were generally quiet throughout the earlier hours of 
May 14, 1911, and the disturbance developed so gradually at aU the stations that it 
is difficult to assign a time for its commencement. The times assigned in the official 
Honolulu and Sitka lists were respectively 16^ h. and 17 h. on the 14th. Here 16 h. 
has been accepted because Antarctic conditions were particidarly quiet from 14 h. to 

16 h., while decided disturbance was seen there and at Eskdalemuir between 16 h. and 

17 h. Normal qmetness was not restored for several days. The duration assigned to the 
disturbance was, in fact, 70 hours at Honolulu, and 72 hours at Sitka. There was, 
however, a very decided lull throughout the afternoon of the 16th, and in the Antarctic 
after 11 h. on the 16th it was fairly quiet for several hours. Accordingly 11 h. on the 
16th has been accepted here for the end of the disturbed period. 

In the Antarctic no great activity was displayed before 19 h. on the 14th, or after 
7 h. on the 16th, and E' was much more disturbed than the other elements. The E' 
trace showed a large fall interrupted by oscillations between 21 h. and 23|- h. on the 
14th, and a large rise also interrupted by oscillations between the latter hour and 5|- h. 
on the 16th. 

At Mauritius conditions were quiet until 17 h. on the 14th, when disturbance 
appeared in the H trace. The D trace was practically undisturbed until 22 h. The 
H trace showed many oscillations of short period, especially near midnight, when the 
activity of disturbance in that element appeared greatest. There was also considerable 
disturbance between 6h. and 9h. of the 15th. The maximum and minimum 
of H at Mauritius appeared simultaneously with the ma-iriTirmm and Tninimnm of N 
at Buitenzorg, but the range at Mauritius was only 40 p6r cent, of that at 
Buitenzorg. Short-period oscillations were much less conspicuous in the Mauritius 


286 



D trace, but it showed two considerable slow oscillations. Between 22 h. on the 14th 
and 1 J h. on the 15th there were swings of 5' to the East and 6£-' to the West ; while 
between l£ h. and 5 h. 26 m. there were swings of 9' to the East and to the West. 
In terms of force the D range at Mauritius exceeded the E range at Buitenzorg and the 
D range at Honolulu, but the H range at Mauritius was much less than the H or N 
ranges recorded at the other stations. 


Table CXLV. — 16 h. May 14 to 11 h. May 16, 1911. Plate XLIII. 


Station. 

Element. 

Tim 

Maximum. 

OS of 

Minimum. 

I)iBtm’ban.Go 

Range. 

Inequality 

Range. 



h. 

m. 

h. 

m. 

y 

Y 

Antarctic 

N' 

9 

11 (15th) 

23 

28 (Uth) 

237 

67 


E' 

6 

34 (16th) 

23 

31 (Uth) 

484 

64 


V 

0 

33 (16th) 

6 

37 (15th) 

236 

32 

Mauritius 

H 

21 

40 (Uth) 

6 

6 (16th) 

55 

20 


D 

4 

10 (16th) 

1 

16 (16th) 

61 

28 

Buitenzorg ... 

N 

21 

40 (Uth) 

il 

6 (16th) 

140 

41 


E 

23 

25 (Uth) 

4 

50 (16th) 

43 

22 


V 

21 

50 (Uth) 

2 

45 (16th) 

38 

18 

Honolulu 

H 

21 

39 (Uth) 

4 

8 (16th) 

147 

19 


D 

19 

32 (Uth) 

0 

12 (15th) 

57 

46 


V 

7 

36 (16th) 

23 

31 (Uth) 

33 

20 

Helwan 

H 

21 

41 (Uth) 

7 

19 (16th) 

112 

30 


D 

B 

30 (16th) 

10 

67 (IBth) 

79 

61 


V 

23 

36 (Uth) 

1 10 

63 (16th) 

36 

,23 

Agincourt 

H 

21 

35 (Uth) 

4 

20 (16th) 

260 

29 


D 

3 

60 (16th) 

0 

46 (16th) 

231 

47 

Eskdalcmuir 

N 

22 

45 (Uth) 

23 

23 (Uth) 

192 

60 


E 

1 

10 (16th) 

3 

10 (16th) 

115 

36 


V 

17 

32 (Uth) 

4 

9 (16th) 

165 

22 

Sitka 

H 

4 

26 (16th) 

0 

2 (IBth) 

586 

24 


D 

8 

28 (16th) 

4 

0 (15th) 

261 

66 ■ 


V 

3 

41 (16th) 

8 

6 (16th) 

361 

19 


At Buitenzorg conditions had been very quiet from 13h. to 16h. on the 14th, 
After 18 h. the N trace showed a good many oscillations, but the movements did not 
become large until 22 h. From then until 8h. on the 16th there was a succession of 
rounded movements, superposed on which were nmnerous minor oscillations. The 
E and V curves, while distinctly unquiet after 20 h. on the 14th, were much less disturbed 
than N. 

At Honolulu the H trace showed an almost unbroken fall from 22| h. on the 14th 
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to 4li. on the 16th, followed by a succession of rounded movements, constituting on 
the whole a gradual recovery. The H disturbance was similar in type to that in N at 
Buitenzorg, and of very similar amplitude. The Honolulu D trace was not much 
disturbed, and the V trace, though showing numerous small oscillations, was unquiet 
rather than disturbed. 

Helwan was decidedly leas disturbed than Buitenzorg or Honolulu. In H there 
was a good deal of oscillation, and a pretty rapid fall near 24 h. The ranges in D and 
V were only about 60 per cent, in excess of those of the average day. 

At Agincourt the disturbance was much larger than at Helwan, or even at 
Buitenzorg and Honolulu, and it was nearly as large in D as in H. Both the H and the 
D traces showed a considerable number of large oscillations, but the H trace exhibited 
a greater tendency than the D to small short-period oscillations. The H trace 
had become distinctly unquiet by 19 h. on the 14th. The larger movements occurred 
between 23 h. on the 14th and 10 h. on the 16th, both in H and D. The latter element, 
in fact, showed little disturbance outside these limits of time. The large movements 
in H had as their general effect a large fall, as in H at Honolulu and in N at Buitenzorg, 
but this was more interrupted hy temporary recoveries at Agincourt than at the other 
stations. The H trace continued to show numerous small oscillations after 11 h. on 
the 16th. 

At Eskdalemuir the disturbance in the horizontal components was intermediate 
in size between those experienced at Buitenzorg and Agincourt ; but the disturbance 
in V was of a quite different order from that at Buitenzorg, Honolulu or Helwan. 
Small oscillations became visible in the N trace about 16 h. on the 14th, and gradually 
increased in amplitude. There was no large movement, but on the whole a gradual 
rise in N until 22 h. 46 m. There then ensued a'rapid fall of 192y in less than 40 minutes. 
Some recovery followed, but the element remained markedly depressed for a number 
of hours. The rapid fall in N after 23 h. was accompanied by a considerable rise in 
E, but the E movements were smaller than those in N. There were no large movements 
in either element after 7 h., but minor oscillations persisted in both traces throughout 
the afternoon of the 16th, and were eventually followed by larger movements. The 
V trace at Eskdalemuir was practically quiet until after 22 h. on the 14th, when a 
considerable fall occurred. Some recovery followed, but the element remained 
considerably depressed until 9h. on the 16th. Throughout the whole time there was 
hardly any trace of rapid V oscillations, the movements shown being slow and regular. 

At Sitka conditions had been quiet for some hours prior to 16 h. on the 14th. 
Numerous rapid oscillations then appeared, but they were of small size until 23 h. on 
the 14th. From that hour until 10 h. on the 16th there were numerous oscillatory 
movements of considerable size especially in H, the traces from the different elements 
crossing and recrossing, so that details are difficult to make out. The disturbance 
subsided very rapidly after 10 h. on the 16th, and several nearly quiet hours followed. 
As Table CXLV shows, the disturbance had a decidedly larger range at Sitka than in 
the Antarctic, in the vertical as weU as in the horizontal plane. 
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The distiirbance did not present any very striking features. Except in high 
latitudes the principal feature was a fall in H or N, which commenced late on the 14th. 
The maximum values in H or N were reached simultaneously, or very nearly so, at 
Mauriti\is, Buitenzorg, Honolulu, Helwan and Agincourt ; but the fall continued 
longer at some of these stations than others. In lower latitudes the disturbance was 
mainly in H or N, but in higher latitudes the changes in V were of the same order as 
those in the other elements. The North American stations were more disturbed than 
the other co-operating stations, and the changes in declination experienced there were 
very considerable. 

Section 96. — In the Antarctic conditions had been quiet for some hours prior to 
16 h. on June 4, 1911. Shortly after 16 h. decided disturbance appeared. Between 
16 h. 25 m. and 17 h. Om. N' rose 40y. During the next two hours there were only 
small vibrations in N'. These became larger after 19 h., but the disturbance was never 
very striking. The disturbance in E' was much larger. Between 16 h. 35 m. and 


Table CXLVI. — 16 h. to 24 h. June 4, 1911. Plate XLIII. 


Station. 

Eloinont. 

Tim 

Maximum. 

BS of 

Minimum. 

Difiturbanco 

llango 

Inequality 

Bongo. 



h. 

m. 

h. 

m. 

y 

y 

Antarctic 

N' 

17 

0 

23 

26 

136 

39 


E' 

JG 

36 

20 

17 

187 

13 


V 

23 

35 

20 

16 

66 

20 

Mauritius 

H 

16 

36 

19 

26 

74 

8 


D 

23 

0 

19 

40 

24: 

6 

Buitenzorg 

N 

16 

30 

19 

60 

60 

14 


E 

19 

45 

16 

5 

20 

13 


V 

23 

20 

20 

6 

20 

6 

Alibag 

H 

16 

36 

20 

0 

66 

4 

Honolulu 

H 

16 

40 

23 

26 

46 

10 


D 

18 

18 

22 

68 

71 

60 


V 

17 

40 

19 

67 

36 

23 

Helwan 

H 

16 

30 

19 

36 

70 

7 


D 

20 

60 

16 

30 

49 

13 


V 

19 

40 

22 

66 

26 

3 

Agincourt 

H 

20 

26 

20 

0 

99 

34 

D 

23 

26 

19 

46 

100 

28 

Bskdalemuir 

N 

19 

4 

19 

69 

98 

17 


E 

23 

22 

18 

18 

120 

26 


V 

19 

38 

23 

0 

no 

12 

Sitka 

H 

16 

1 ? 

18 

46 

«j:134 

20 


D 

17 

31 

20 

48 

126 

66 


V 


— 

- 

-■ 

>46 

14 
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18 h. 36 m. E' fell 149y. Between 19 h. and 21 h. there were some considerable 
oscillations, including a fall of 139y and rise of 120>' between 20 h. 5 m. and 20 li. 35 in. 
In the V trace there was a considerable development of short-period oscillations between 

19 h. and 23 h., but their amplitude was small. The disturbance in N' and E' showed 

no very marked subsidence until after 4 h. on June 6. ^ 

At Mauritius conditions had been fairly quiet until 16 h. on the 4th. A small 
oscillation then occurred in H, and after its subsidence a prolonged fall set in. This 
continued at a nearly uniform rate between 17 h. and 18|-h. From then until 
22 h. 20 m. the trace remained markedly depressed, though there were several sharp 
oscillations, especially near 20 h. Between 22 h. 26 m. and 23 h. there was a smart 
rise^ of 40y. There is thus a very marked bay (depression of H) extending from about 
16^ h. to 23 h. The curve from 17 h. to 23 h. stands out conspicuously from what 
precedes or follows, suggesting a well-marked isolated disturbance lasting from six 
to seven hours. Between 23 h. and 24 h. there was a slight fall in H. I’liG 1) tracic 
was much less disturbed. There was, however, rather a smart oscillation between 
19 h. 40 m. and 20 h. 20 m., consisting of swings of 2' to the East and 1|' to the West. 
Between 22 h. 15 m. and 22 h. 66 m. there was an easterly movement of 2l'. 

At Buitenzorg the N trace shows a small oscillation shortly after lOli,, 
correspondmg to the oscillation described in the Mauritius H curve. ^l’l,cr('. wjis a 
conspicuous bay (depression of N) between 16jh. and 2^ll. lOuring it« in<,idence 
there were numerous short-period oscillations, especially between 18 h. and 21 h. The 
E trace was comparatively quiet, but between 19 h. 6 m. and 20 h. 30 m. there was a 

Me of 18y and an equal faU. The V trace contained a few small oscillations All 
three curves show a summit at about 23 h. 20 m. 


At Alibag the H trace closely resembled that at Mauritius. There, was a r‘Io.se 
correspondence at the two stations between the records of a small oscillation shortly 
attOT 16 h., and ota oscillations occurrmg between 18 h. and 21 h. The (lonrcssion 
Ld 2?^*^’ ^ rise, amounting to 33y, between 22 h. 30 m. 

r.. • f r was a somewhat prominent nhort- 

f ^ ^ ‘i^rided fall set in in H 

Short-penod oscillations were again most prominent between 19 h. and 20* h But 

the mimrnum m H wa. reached much later than at Mauritius and A iba! nd H ' 


The resemblance between the H traces at j ai-i 

This is true equaUy of the smaU short-period oscillations and^b f T’’'' 
At Helwan the rise in H between 22 I 26 m and 23 h arr, ^ IT? 
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oscillations, especially after 19 h., including the following between 19 h. 40 m. and 
20 h. 40 m. : — 9y, + ly, — 14y and + 9y. Between 22|h. and 24 h. there was a 
fall of 16y and rise of 12y. Parts of the D and V curves showed considerable 
resemblance, easterly movements going with increase of V, but between 22^ h. and 
24 h. easterly movement went with' fall in V. AU three Helwan curves showed the 
small oscillation shortly after 16 h., synchronoiis apparently with the oscillation 
described in the H curves at Mauritius and Alibag and the N curve at Buitenzorg. 
The amplitudes of the two movements at Helwan were : in H, — 7y and + lOy ; in 
D, 0''6 E and 0'*6 W ; in V, + 4y and — 3y. 

The curves received from Aginoourt did not commence until 16 h. 40 m., and so 
did not cover the time of the special small oscillation near 16 h. There were three 
considerable oscillations in H, in immediate succession, between 19 h. 16 m. and 
20 h. 40 m. The third and largest, which commenced at 20 h. 0 m., consisted of a rise 
of 99y and fall of 80y. Between 22 h. 60 m. and 23 h. 16 m. H fell 47y. The Agincourt 
D trace, though having an equal or slightly larger range, was really considerably less 
disturbed than the H trace, being much less oscillatory. The principal movements 
were the following : 10' to West between 19 h. 16 m. and 19 h. 26 m., 13' to East 
between 19 h. 45 m. and 20 h. 15 m., and 9' to East between 22 h. 66 m. and 23 h. 26 m. 

At first sight the N curve at Eskdalemuir seems quite unlike the H curves at 
Mauritius, Ahbag and Helwan. The small oscillation just after 16 h. cannot with 
certainty be identified at Eskdalemuir, and N shows a decided tendency to rise prior 
to 19 h., whereas the H traces at Mauritius, Alibag and Helwan all show a marked 
fall. There is, however, a pretty close parallelism between the conspicuous oscillations 
that appear at all the stations after 19 h., rise in N at Eskdalemuir going with rise 
in H at the other stations. A conspicuous difference comes in after 22|h. Between 
that hour and 24 h. there is a prominent double osciQation in N at Eskdalemuir, the 
changes being -\- 39y, — 63y, + 74y and 58y, whereas at the other stations there 
is only a single oscillation. Also at Eskdalemuir the last fall m N continues until 
0 h. 20'm. on the 6th, and is immediately followed by a decided rise. The E trace 
at Eskdalemuir does not resemble the D trace at Helwan. After 17 h. it shows a 
succession of oscillations. Between 22 h. 40 m. and 24 h. B rose 80y and feU 69y. 
The fall continued until about Oh. 8m. on the 6th, and was followed by a decided 
rise. The changes in V at Eskdalemuir followed the course usual there in magnetic 
storms. There was a oontmuous rise amounting in aU to 63y between 17 h. and 
19 h. 38 m., when the maximum was reached. A slow decline then set in, interrupted 
only by a slight temporary increase about 20|h. The decline greatly accelerated 
about 22^ h., the fall in the half-hour preceding the minimum at 23 h. amounting to 66y. 
Between 23 h. 0 m. and 23 h. 30 m. there was a smart recovery, amounting to 34y, 
which restored the element to near its normal value. 

No curves were received from Sitka. But the data in the official publication — 
which have been utilised in Table OXLVI — show that a considerable disturbance 
was eaperienced, the range in D being 27' *6 (= 126y), and that in H being at least 
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134y. Tte disturbance in the horizontal plane would thus appear to have been a 
little larger at Sitka than at either Eskdalemuir or Agincourt, but not quite so large 
as in the Antarctic. During this storm there is less difEerence than usual between the 
amplitude in diSereut latitudes. 

Section 97.— The disturbance on June 9-10, 1911, had a sudden commencement, 
already described, which was everywhere of unusually small amplitude. The 
disturbance appears in both the Honolulu and Sitka lists, the durations assigned being 
respectively 134 and 137 hours, or over five days. There was, however, a distinct 
lull in the afternoon hours of the 10th, and the disturbance is regarded here as ending 
at 12 h. on that day. The sudden commencement was at 16 h. 31 m. of the 9th. 

In the Antarctic conditions had been very quiet for seven or eight hours prior to 
the s.c. They became less quiet after that event, but there was no considerable 
disturbance until 20 h. on the 9th. The largest movements occurred between 3 h. 


Table CXLVII.— 16 h. June 9 to 12 h. June 10, 1911. Plate XLIV. 


Station. 

Eloment. 

Times of 

Biflfcurbunco 

Eaiigo. 

Inequality 

Range. 

Maximum. 

Minimum. 



li. m. 

h. m. 

y 

y 

Antarctic 

N' 

7 24 (10th) 

2 20 (10th) 

258 

60 


E' 

4 lO(lOtli) 

23 1 (9th) 

376 

60 


V 

20 35 (S)th) 

6 68 (10th) 

184 

31 

Mauritius 

II 

20 26 (9th) 

7 30 (loth) 

42 

21 


I> 

3 46 (loth) 

8 26 (10th) 

'12 

20 

Buitenzorg 

N 

20 26 (9th) 

7 25 (10th) 

111 

32 


E 

7 20 (1011)) 

3 20 (10th) 

26 

19 


V 

20 30 (9tli) 

1 35 (10th) 

24 

14 

Alibag 

If 

20 26 (9th) 

1 15 (10th) 

61 

33 


II 

2 20 (10th) 

17 10 (9th) 

41 

43 


V 

1 40 (10th) 

4 36 (10th) 

52 

30 

Honolulu 

II 

20 26 (9th) 

6 14 (10th) 

100 

13 


D 

18 15 (9th) 

23 10 (9th) 

83 

60 


V 

17 39 (9th) 

21 39 (9th) 

41 

23 

Helwan 

H 

20 26 (9th) 

7 26 (10th) 

87 

20 


D 

4 6 (10th) 

10 16 (10th) 

6(3 

47 

Agincourt 

11 

21 26 (9th) 

6 5 (10th) 

200 

31 


D 

6 46 (10th) 

7 26 (10th) 

206 

66 

• Eskdalemuir 

N' 

20 24 (9th) 

7 27 (10th) 

116 

44 


E 

22 20 (9th) 

20 23 (9th) 

121 

41 


V 

22 26 (9th) 

1 23 (10th) 

92 

21 

Sitka 

H 

4 6 (10th) 

7 49 (10th) 

160 

20 


P 

4 64 (10th) 

1 6 (10th) 

173 

66 


V 

3 66 (10th) 

7 49 (10th) 

302 

17 



and 9 li. on the 10th, including between 7 h. and 8 h., a disturbance which appears 
amongst those of the special type in Table CXL. After this there was at least an 
abatement of the disturbance for several hours. There was a marked recrudescence 
between 17 h. and 20 h. on the 10th, subsequent to which there was loss of trace for 
several hours. As Table CXL VII shows, disturbance in the Antarctic was larger in 
E' than in the other elements, but was considerable in all. 

At Mauritius the s.c. in H led to a nearly level crest, which persisted until fully 
18 h. 45 m. on the 9th, when there was a fall of 7y and some slow oscillations. Besides 
several small but sharp oscillations of short period, the H curve exhibited the following 
rather prominent oscillations of longer period 

Between 20 h. 6 m. and 20 h. 45 m. of the 9th a rise of 13y and fall of 13y. 

„ 21 h. 20 m. and 22 h. 20 m. „ „ „ a fall of 14y and rise of lOy. 

„ 7 h. 10 m. and 8 h. 20 in. „ „ 10th a fall of 17y and rise of lly. 

The D trace at Mauritius was comparatively smooth. There w^as on the whole a 
decided easterly movement, in all 4-V, from Ob. 45m. to 3li, 45 m. on the 10th, and 
a decided w'esterly movement, in all 5|', between 4h. 30 m. and 8h. 26 m. These 
movements arc somewhat suggestive of the ordinary diurnal variation, but amplified 
about four times. 

Buitenzorg shows similar phenomena to Mauritius. While the crest after the s.c. 
lasted, the changes in N were small. On the subsidence of the crest the movements 
became much more lively. There wore several rounded wave-like movements, having 
superposed on them numerous short-period oscillations. From 0 h. to 7 h. 25 m. on 
the 10th the general trend in N was downwards. There was more disturbance in the 
D and V curves than is suggested by the comparatively small excess in the ranges 
observed over those derived from the regular diurnal inequality. 

At Alibag the disturbance in H was really larger than the range suggests. The 
changes due to the disturbance were mainly in the direction opposite to those caused 
by the regular diurnal variation. To the eye, the D and V traces appear almost quite 
smooth, except for trifling bays between 1 h. and 2 h. on the 10th. The disturbance 
seems to have slightly reduced the ordinary D range, while increasing that of V. 

Disturbance was more in evidence at Honolulu, especially in IT. For two hours 
after the s.c. there was a crest on the H curve, and during this time there was little 
oscillation. From 20 h. on the 9th to 2-|- h. on the 10th there was a large fall in H, 
and from 6jh. to 8h. on the 10th there was a rapid rise. After 10 h. on the 10th 
the trace was unrestful rather than disturbed. The D trace gave little sign of 
oscillation at any time, but the range was considerably above the normal. 

At Helwan the H trace was as usual considerably more disturbed than the D. 
The excess in its range over the corresponding range at Alibag is, however, partly 
explained by the smaller opposition that existed at Helwan between the directions 
of the disturbing forces and those producing the regular diurnal variation. The Helwan 
D trace shows more signs of disturbance than the corresponding trace at Alibag, and 
more than the range suggests. 
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Agincourt was mucli more disturbed than stations in corresponding latitudes in 
Europe. H was actively disturbed from 20 b. on the 9th to 8h. on the 10th, 
D from 1 h. to 8h. on the lOth. Prior to 1 h. on the 10 bh D was much less disturbed 
than H, but subsequently the D movements were the larger. After 8 h. on the 10th, 
only small oscillations were recorded for a number of hours. From 1 h. to 7 h. on the 
10th, H was depressed a good deal below its normal value, but a rapid recovery then 
took place. In the course of 70 minutes, between 6 h. 60 m. and 8 h. on the 10th, the 
declination needle swung first 38' to the West and then 29' to the East. The subsidence 
of disturbance on the termination of this movement was a strildng feature of the curve. 

At Eskdalemuir the N and E traces suggest a single disturbance, lasting 
uninterruptedly from the s.c. on June 9, until the forenoon of Jime 12 or even later, 
but there was a comparative lull before noon on the 10th. Up to 20 h. on the 9th, 
conditions were comparatively quiet, disturbance being greatest between 20 h. on the 
9th, and 4 h. on the 10th. The N movements throughout were numerous, and irregular 
rather than large. The disturbance in V was largest between 22 h. on the 9th, and 3 h. 
on the 10th, there being a well-marked depression between 1 h. and 3 h. on the 10th. 
Up to 22 h. on the 9th and subsequent to 8 h. on the 10th the V trace was practically 
smooth. 

At Sitka the outstanding feature was a large rise and fall in V between 6 h. 50 m. 
and 8h. 30 m. on the 10th. Tliis accounted for the greater part of the range which, 
as Table CXLVII shows, considerably exceeded the range of V in the Antarctic. 
This large V oscillation partly synchronised with the large D oscillation at Agincourt. 
The Sitka H and D traces showed considerable ranges, but not so large as those 
at Agincourt. The principal feature in the H and D traces at Sitka was the persistence 
of rapid small oscillations. There were no large movements until after 20 h. on the 9th. 

Section 98.— The disturbance began with an s.c. about 21 h. 60 m. on June 30, 
which has been already described. 

While the commencement is definite enough, opinions might well differ as to the 
termination. The estimates of duration made at Honolulu and Sitka were respectively 
40 and 43 hours. 'There was, however, at least a lull at all the stations, including 
the Antarctic, for several hour's during the forenoon of July 1, so it was decided to 
limit the comparison to the 12 hours ending at 9h. on July 1. 

In the Antarctic the s.c. movement was very small in N', and in E' and V it 
took the shape of a simple oscillation, the to and fro movements being practically 
equal. During the next two or three hours, the traces were but little more disturbed 
than before the s.c. The largest movements occurred between 6 h. and 8 h. 
on July 1, 15' being considerably the most disturbed element. A comparatively 
quiet time followed after 8 h. 

The H trace received from Mauritius ended at 8 h. 20 m. on the 1st, so the range 
shown in Table OXLVIII may have been slightly exceeded. The disturbance was 
a very trifiing one in H and even more so in D. 

At Buitenzorg the disturbance was trifling for three hours after the s.c. 
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Subsequently the traces, especially the N trace, showed numerous small oscillations. 
There was a considerable fall in N after 5 h. on July 1. The E and V traces throughout 
were only shghtly disturbed. 

At Alibag the range in H was not very greatly in excess of the normal, but small 
oscillations were conspicuous after 1 h. on July 1. The D and V traces showed almost 
no signs of disturbance. 

At Honolulu the H trace was very sensibly disturbed after 1 h. on July 1. The 
largest movement, a fall of 30y, occurred later between 4 h. 66 m. and 6 h. 66 m. The 
D trace showed little disturbance, and the V trace was unquiet rather than disturbed. 

At Agincourt within the time interval considered H had a considerably smaller 
range than D. The s.c. movement itself in H was considerable, and it was immediately 
followed by numerous small oscillations of short period. These oscillations persisted 
with little intermission until 12 h. on July 2, but there was a decided lull from 9 h. to 
10 h. on July 1. The s.c. movement in D was very small, but there was a conspicuous 
double oscillation between 6h. and 7 j-h. on July 1. 

At Eslcdalemuir the N and E traces were more disturbed than the ranges in 
Table CXLVIII suggest. Both traces showed numerous small oscillations. The V 
trace resembled that of a quiet day, but the range was augmented. 


Table CXLVIII. — 21 h. June 30 to 9 h. July 1, 1911. Plate XLIV. 


Station. 

Elemont. 

Tim 

Maximum. 

Da of 

Minimum. 

Bifiturbanoe 

Eango. 

Inequality 

Eongo. 



h. 

m. 

h. 

ni. 

y 

y 

Antarctic 

N' 

8 

69 (iBt) 

6 

43 (1st) 

343 

62 


E' 

6 

32 (1st) 

0 

10 (1st) 

229 

48 


V 

22 

47 (30th) 

6 

38 (1st) 

134, 

33 

Mauritius 

H 

4 

60 (1st) 

22 

26 (30th) 

22 

17 


D 

23 

6 (30th) 

7 

30 (Ist) 

18 

19 

Buitenzorg ... 

N 

3 

10 (1st) 

8 

40 (1st) 

99 

34 

E 

0 

20 (1st) 

3 

30 (1st) 

37 

26 


V 

5 

16 (1st) 

9 

0 (Ist) 

22 

12 

Alibag 

H 

6 

10 (1st) 

22 

40 (30th) 

43 

29 

D 

3 

0 (Ist) 

7 

20 (1st) 

37 

38 


V 

2 

60 (1st) 

7 

16 (1st) 

36 

23 

Honolulu 

H 

0 

66 (1st) 

6 

6 (1st) 

67 

13 


D 

5 

40 (1st) 

23 

27 (30th) 

30 

20 


V 

6 

26 (1st) 

21 

60 (30th) 

21 

13 

Agincourt 

H 

21 

66 (30th) 

8 

40 (Ist) 

68 

17 

D 

6 

0 (Ist) 

0 

16 (1st) 

91 

30 

Eskclalemuir 

N 

22 

0 (30th) 

8 

20 (1st) 

41 

32 


E 

23 

40 (30th) 

6 

20 (1st) 

60 

21 


V 

23 

40 (30th) 

8 

0 (1st) 

26 

14 
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Section 99. — Subsequent to 9 b. on July 1, as has been already mentioned, several 
considerable movements occurred. One of the largest of these took place between 
14 h. and 17 h. on July 1. The ranges during these hours on the traces available, 
and the corresponding diurnal inequality ranges, were as follows : — 


Table CXLIX.— 14h.-17h. July 1, 1911. Plate XLIV. 


Kange. 

Aatarotlo. 

Alibag. 

Honolulu. 

Aginoourt. 

Eskdalemuir. 

N' 

E' 

V 

H 

D 

V 

H 

D 

V 

H 

D 

N 

E 

V 


Disturbance ... 

V 

Y 

Y 

V 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

y 

y 

y 

179 

173 

68 

47 

11 

9 

31 

20 

13 

89 

148 

193 

104 

47 

Inequality 

3 

17 

10 

3 

2 

4 

1 

18 

5 

10 

41 

20 

10 

14 


In the Antarctic a rise and fall in N' were succeeded by a second rise and fall. 
E' also showed a double oscillation, the fall preceding the rise. These movements 
were somewhat larger than those in adjacent hours, but of similar type. The "V 
movements during the three hours were irregular and not specially large. At the 
other stations the movements had a distinctive appearance and were much larger 
than those in adjacent hours. 

At Alibag there was a deep bay in the H curve, the fall and subsequent rise being 
approximately equal. The D and V movements were small. At Honolulu a decided 
fall in H was followed by a considerably larger rise and a gradual return to the normal 
value. The D trace showed a decided bay, an easterly movement being followed by 
a nearly equal westerly movement. V showed a slight rise. At Agincourt there 
was a deep bay in the H curve, the commencing movement being a fall, and the 
subsequent recovery being at first very rapid. The declination movement at Agincourt 
was rather striking. A movement of 12' to the East was followed by a rapid movement 
of 31 to the West. At Eskdalemiiir the N movements were considerably the largest. 
In about an hour from 14^ h. to 15^ h. there was a rise of 148y and a fall of 193y. 
This was followed by a considerable recovery. The chief movements in E occurred 
between 14 h. and 16 h., a fall in E — equivalent to westerly movement in the declination 
needle being followed by a somewhat larger rise. V was practically undisturbed 
except from 16 h. to 16 h., when a rise of 44y occurred. This was the most considerable 
change in V during the 48 hours following the s.c. on June 30. 

Section 100.— The disturbance of July 28-29, 1911, is one as to whose 
commencement and duration very different views might be entertained. The 
Honolulu and Sitka lists both include a storm whose commencement is put at about 
23 h. on July 27, but its duration was estimated at 36 hours at Honolulu as compared 
with 82 hours at Sitka. At Eskdalemuir, the afternoon of the 27th would hardly 
be descnbed as quiet after 16 h., but there was no large disturbance until the afternoon 
of the 28th. In. the Antarctic there was no special disturbance until near the end 



of the quick run taken from 8li. to 10 b. on July 28. As the quick runs have been 
dealt with separately, it is convenient to take for comparison at the difierent stations 
the 24 hours commencing at 10 h. on July 28. The disturbance had not wholly 
disappeared at most stations by 10 h. on the 29th, but it was at least much reduced • 

Table CL. — 10 h. July 28 to 10 h. July 29, 1911. Plate XLV. 


Station. 

Blemont. 

Times of 

DiBkirbanoo 

Range. 

Inequality 

Kongo. 

Maximum. 

Minimum. 



h. 

m. 

h. 

m. 

y 

y 

Antarctic 

N' 

13 

50 (28tli) 

0 

2 (29th) 

342 

68 


E' 

7 

36 (29th) 

19 

68 (28t}0 

311 

48 


V 

22 

39 (28tli) 

11 

21 (28th) 

271 

33 

Mauritius 

H 

18 

60 (28ih) 

13 

30 (28th) 

48 

20 


D 

11 

26 (28th) 

16 

26 (28tl)) 

46 

23 

Buitenzorg 

N 

2 

50 (29th) 

11 

10 (28th) 

12i 

37 


E 

10 

30 (28th) 

4 

20 (29th) 

32 

26 


V 

6 

36 (29th) 

11 

20 (28th) 

39 

16 

Alibag . 

H 

18 

50 (28th) 

13 

36 (28th) 

66 

34 

Honolulu 

H 

13 

28 (28th) 

3 

61 (29th) 

66 

11 


D 

17 

62 (28t]i) 

21 

46 (28th) 

60 

42 


V 

4 

8 (29th) 

21 

3 (28tli) 

18 

18 

Helwan 

H 

10 

0 (28th) 

16 

10 (28th) 

74 

26 


D 

D 

30 (29th) 

10 

60 (28th) 

88 

46 


V 

13 

40 (28th) 

9 

0 (29th) 

32 

20 

Agincourt 

H 

22 

20 (28th) 

3 

46 (29th) 

100 

46 


D 

23 

40 (28th) 

16 

6 (28th) 

127 

66 

Eakclalomiiir 

N 

18 

11 (28th) 

11 

2 (28th) 

237 

44 


E 

20 

56 (28th) 

13 

46 (28th) 

134 

46 


V 

16 

30 (28th) 

0 

30 (29th) 

100 

22 

Sitka 

H 

10 

1 (28th) 

13 

23 (28th) 

213 

29 


D 

11 

23 (28th) 

13 

8 (28th) 

174 

60 


V 

3 

47 (29th) 

13 

26 (28th) 

376 

26 


In the Antarctic the disturbance was of an irregular character, comparatively 
quiet and more disturbed mtervals succeeding one another. Between 11 h. and 12 h. 
on the 28th, there were large movements in all the elements, and between 14 h. and 
16 h. there was a large bay in N'. From 16 h. to 18 h. on the 28th and from 4 h. to 
7 h. on the 29th it was comparatively quiet. 

At Mauritius the H trace was more disturbed than the range might suggest, 
for though there was no large continued movement in one direction, there were a 
number of rather prominent oscillations. The principal of these occurred between 
11 h. and 16 h., and between 18 h. and 20 h. on the 28th. After ih, on the 29th, 
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tiere was little disturbance in H, except for a moderate oscillation between 7 b. 
and 9 b. Wbile tbe ranges in H and D were practically equal, tbe D trace looks 
comparatively undisturbed. In tbe normal course, a westerly movement of about 
2 ^' (16y) was to be expected between 11b. and 16 b. on tbe 28tb, and wbat 
tbe corresponding part of tbe trace suggests is ratber an enbancement of tbe normal 
diurnal change than an active disturbance. Tbe D trace exhibited more signs of 
disturbance between 18 b. and 21 b., when several oscillations appeal to the eye. 

At Buitenzorg N was much more distmbed than E or V. Tbe chief changes in 
N occurred between 10b. and 17 b. on tbe 28tb, and between Ob. and 2b. and again 
between 6 b. and 8 b. on the 29th. Tbe E and V traces showed no large departures 
from the normal, but contained a number of undulatory movements of sensible size, 
representing in the aggregate more disturbance than the range in Table CL might 
suggest. 

At Alibag there bad been a very considerable faU in H between 8 b. and 10 h. 
on tbe 28tb, and this continued until after 11b. From then up to 23 h. there was a 
great deal of irregular movement, more than tbe range would suggest, but no large 
departure from tbe mean. Tbe largest movements occurred between 12 b. and 14 b. 
and between 18 b. and 20 b, on the 28tb. After 24 h. on tbe 28tb, there was little 
disturbance for a number of hours. 

At Honolulu tbe D and V traces were only slightly disturbed, and even in H 
there was but little disturbance after 14 b. on the 28tb. 

At Helwan tbe H trace closely resembled that at Alibag. The D and V traces 
were on the whole smooth, but minor oscillations were visible, more especially between 
18 b. and 20 b., and again near 24 b. on tbe 28tb. 

At Agincourt disturbance appeared in H a bttle before 18 b. on the 27th, and 
gradually increased, the largest movements occurring between 22 h. and 24 h. on 
the 28th. The D trace showed comparatively little disturbance until 10 b. on the 
28tb. After that it was pretty disturbed until 8 b. on the 29tb. 

At Eskdalemuir considerable disturbance prevailed during the whole afternoon 
of tbe 28tb. Tbe disturbance then gradually abated, and had nearly disappeared 
by 8 b. on tbe 29tb. Tbe most disturbed times in tbe N trace were from 12 b. to 16 b. 
and 18b. to 20 h. on tbe 28th, and from 22b. on the 28tb to lb. on the 29tb. 
There were also considerable E movements at tbe later times. Tbe only considerable 
change in V occurred near 24 h. on the 28tb. 

At Sitka, tbe quick run trace showed considerable disturbance, especially near 
10 b. on tbe 28tb, and tbe disturbance continued very active without intermission 
until 4^ b. on tbe 29tb, when conditions became much quieter for a few hours. Active 
disturbance was, however, resumed after 7 b. and continued untU 14 b., when tbe 
ampbtude of tbe movements was much reduced. Tbe H and D traces showed 
numerous small oscillations throughout tbe whole time. Tbe largest movements 
occurred between 10 b. and 15 b. on tbe 28tb, the V changes being particularly striking. 
A rapid fall in V between 10 b. and lOj b. was followed by a nearly equal but much 
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slower rise between lOj h. and 12| h. There then ensued during the next two hours 
a very large rapid fall, followed by a somewhat larger but less rapid rise. During 
the later part of this double movement in V the H and D curves also exhibited 
large oscillations. The three traces also showed large movements between 7h. and 
14 h. on the 29th, but during most of this time minor oscillations were a good deal 
less in evidence than during the afternoon of the 28th. 

On this occasion, if we judged by the horizontal components, we should regard 
Eskdalemuir and Sitka as similarly disturbed ; but the vertical force disturbance 
at Sitka was out of all comparison greater than at Eskdalemuir, and was considerably 
in excess even of that recorded in the Antarctic. Again, while the horizontal components 
showed a considerably larger total range in the Antarctic than at Eskdalemuir and 
Sitka, the superposed minor oscillations were least prominent in the Antarctic as 
compared with average conditions at the respective stations. 

Section 101. — The s.c. which preceded the disturbance of August 19-20 was a 
large and well-marked one, and if disturbances and their s.c’s corresponded in magnitude 
we should have had a notable storm. But, as a matter of fact, the subsequent 


Table CLI. — 12 h. August 19 to 9h. August 20, 1911. Plate XLV. 




Timofl of 




Station. 

Element. 




Disturbance 

Inequality 

Range. 


1 


Range. 



Maximum. 

Minimum. j 

Antarctic 


h. ni. 

h. 

ni. 

y 

y 

N' 

17 f) (19th) 

23 

20 (19th) 

181 

59 


E' 

7 12 (20th) 

21 

55 (19tli) 

236 

60 


V 

23 10 (19th) 


50 (19th) 

H4 

26 

Mauritius 

H 

7 50 (20th) 

21 

10 (19th) 

41 

22 


D 

12 .35 (19th) 

9 

0 (20th) 

34 

.33 

Buitenzorg 

N ■ 

3 10 (20th) 

in 

65 (19th) 

67 

42 


E 

23 35 (19th) 

3 

10 (20th) 

37 

31 


V 

5 15 (20th) 

21 

10 (19th) 

23 

16 

Alibag 

H 

6 10 (20th) 

21 

10 (19th) 

42 

36 

Helwan 

II 

12 16 (19th) 

23 

6 (19th) 

61 

31 


D 

6 5 (20th) 

12 

20 (19th) 

62 

46 


V 

20 60 (19th) 

7 

66 (20th) 

19 

18 

Agincourt 

H 

20 20 (19th) 

16 

5 (19th) 

69 

51 


D 

3 66 (20th) 

17 

25 (19th) 

116 

69 

Eskdalemuir 

N 

21 33 (19th) 

12 

17 (19th) 

68 

40 


E 

23 40 (19th) 

12 

44 (19th) 

88 

49 


V 

/17 23 (19th) \ 
\21 61 (19th)/ 

12 

46 (19th) 

28 

22 

Sitka 

H 

8 6 (20th) . 

21 

38 (19th) 

88 

35 


D 

7 31 (20th) 

23 

26 (19th) 

117 

49 


V 

23 26 (19th) 

17 

18 (19tli) 

71 

22 
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disturbance was everywhere of a commonplace character. It does not appear at all 
in. the Honolulu and Sitka lists. The Buitenzorg, Agincourt and Eskdalemuir curves 
were those mainly relied on when fixing 9 h. on the 20th as the end of the disturbance. 

In the Antarctic the s.c. and the subsequent disturbance were both largest in E'. 
Between 13 h. and 16 h. on the 19th the movements were trifling. The largest move- 
ments especially in B' were between 16 h. and 18 h. and after 21 h. on the 19th, and 
between 1 h. and 4 h. on the 20th. 

At Mauritius the H trace was generally quiet. Apart from the s.c. itself, the 
only time when the H trace showed appreciable disturbance was from 21 h. to 23 h. 
on the 19th, when a somewhat conspicuous hump or elevation presented itself. 
Between 21 h. 10 m. and 21 h. 35 m. H rose 22y. The subsequent fall was much slower 
and was interrupted by small oscillations. The D trace showed little disturbance, 
the visible changes being apparently almost entirely due to the normal diurnal 
variation. 

At Buitenzorg there was a large s.c. movement in N which subsided largely within 
half an hour. A quiet time followed until nearly 16 h. on the 19th. The largest N 
movements occurred between 21 h. and 23 h. Except between these hours there were 
few irregular movements in E or V. The N trace continued to show irregular minor 
movements miitil nearly 9 h. on the 20th. 

At Alibag the chief disturbance in H was between 21 h. and 23 h. on the 19th 
and for half an hour subsequent to the s..o. D and V traces were available for only 
part of the time and showed little sign of disturbance. 

The phenomena at Helwan were similar to those at Alibag. Even the IT trace was 
mostly pretty smooth, and the D and V traces were almost entirely so. At the same 
time, the D range seems to have been sensibly above the normal. 

At Agincourt the H trace showed minor oscillations throughout most of the time ; 
the disturbance was most active from 20 h. to 24 h. on the 19th. The D trace showed 
less persistent oscillation than the H trace, but contained a considerable bay between 
3 h. and 6 h. on the 20th. 

At Eskdalemuir there were numerous minor irregularities in the H trace, especially 
between 16 h. and 18 h. and between 21 h. and 24 h. of the 19th. The V trace 
throughout was almost undisturbed. 

The Sitka traces available stopped at 3 h. on the 20th, but information as to the 
maxima in H and D was derivable, as in many other cases, from the ofiflcial publication. 
There were no really large movements, but the H and D ciuves showed numerous 
oscillations during most of the tune they covered. The oscillations were least in 
evidence from one to three hours after the s.c. At Sitka, as at Agincourt, the D range 
considerably exceeded that of H. 

Section 102.— Duriag August 23-26 there was considerable disturbance at all the 
stations. Conditions had been generally quiet during the previous 12 hours, and the 
selection of 8h. for the commencement of the disturbance is open to little doubt. 
There is more room for difEerence of opmion as to the end. The duration is given in 


300 



tte official Honolulu publication as 52 hours, while the Sitka estimate is 120 hours. 
In the Antarctic, noon on the 26th was followed by one or two hours free from large 
disturbance, so 12 h. has been accepted here for the end of the disturbed interval. 

Table CLII. — 8h. August 23 to 12 h. August 25, 1911. Plate XL VI. 


Station. 

Element. 

Times of 

iJisburbanoo 

Range, 

Iao(iuaUty 

Range. 

Maximum. 

Minimum. 



h. 

m. 

h. 

111. 

y 

y 

Antarctic « 

N' 

16 

6 (23rcl) 

23 

15 (23rd) 

464 

69 


E' 

3 

42 (24th) 

14 

68 (23rd) 

623 

60 


V 

2 

5 (24th) 

9 

5 {24t]i) 

338 

28 

Mauritius 

H 

8 

20 (231(1) 

14 

35 (23rd) 

125 

22 


D 

10 

2f) (24th) 

10 

0 (23rd) 

68 

33 

Buitcnzorpi 

N 

8 

26 (23rd) 

14 

0 (23rd) 

140 

42 


E 

8 

60 (23rd) 

4 

20 (26tli) 

62 

31 


V 

8 

6 (23rd) 

14 

35 (23rd) 

46 

16 

Alibag 

I-I 

8 

25 (23rd) 

16 

30 (23rd) 

117 

37 

Honolulu 

H 

19 

20 (23rd) 

23 

28 (23rd) 

86 

11 


D 

22 

8 (23rd) 

17 

26 (23rd) 

86 

49 


V 

16 

4 (23rd) 

21 

32 (24 th) 

29 

22 

Helwan 

H 

8 

24 (23rd) 

0 

20 (25th) 

108 

32 


D 

6 

16 (26th) 

11 

19 (23rd) 

71 

48 


V 

14 

38 (23rd) 

7 

24 (24th) 

39 

18 

Agincourt 

H 

23 

25 (23rd) 

14 

57 (23rd) 

236 

51 


U 

23 

30 (23rd) 

16 

16 (23rd) 

299 

69 

Eskdaleniuir 

N 

14 

69 (23rd) 

23 

28 (23rd) 

270 

42 


E 

16 

19 (23Td) 

14 

23 (23rd) 

160 

49 


V 

16 

19 (23rd) 

23 

36 (23rd) 

240 

22 

Sitka 

H 

6 

38 (24th) 

14 

66 (23rd) 

673 

36 


D 

16 

0 (23rd) 

11 

29 (24th) 

287 

49 


V 

0 

8 (24th) 

16 

2 (23rd) 

669 

22 


In the Antarctic all three elements showed considerable disturbance. The largest 
movements occurred on the 23rd between 14 h. and 16 h., and between 20 h. and 24 h. ; 
on the 24th between 3 h. and 6 h., and between 8 h. and 10 h. The movements between 
8 h. and 10 h. on the 24th have been already discussed amongst the short-period 
disturbances. Throughout the whole 52 hours there was no sensible interlude to the 
disturbance, and numerous small oscillations were superposed on the larger movements 
in the curves of all the elements. The first movement of any size was a rise and fall 
in N' between 8 h. 22 m. and 8 h. 32 m. on the 23rd. This was accompanied by a 
general rise in E', but the movements did not suggest an ordinary s.c. Between 14 h. 
and 16jh. on the 23rd, N' rose 262y and feU 239y, E' fell 3627 and rose 336y, while 
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V Iiad fallen (algebraically) 190y by 16 b. 25 m., when a long but comparatively slow 
recovery set in. At about 8 b. 25 m. on tbe 26tb there was an oscillation in all tbe 
elements, lasting about six minutes, wbicb was distinctly suggestive of an s.c. 

At Mauritius tbe H trace shows numerous oscillations of moderate period, 
superposed on slower movements which resemble the regular diurnal variation, enhanced, 
however, especially on the 23rd. A noticeably sharp oscillation in H occurred shortly 
after 8h. on the 23rd, a rise of lly occurring in about 10 minutes. Between 14 h. 
and 16 h. on the 23rd H fell 27y, rose 16y, fell 16y, and rose 16y. Considerable 
oscillatory disturbance followed until 24 h. on the 23rd, when a quieter time ensued 
until 8 h. on the 24th. From 8 h. to 20 h. on the 24th there was a succession of fairly 
slow oscillations. After 20 h. on the 24th the trace was considerably quieter, though 
still a little oscillatory. The movements in the Mauritius D trace represent in the main 
the regular diurnal variation. There was, however, one considerable oscillation, a 
westerly movement of 5 ^' iu 33 minutes, leading to the minimum (of easterly declination) 
at 16 h. on the 23rd, being followed by an easterly movement of 6^' in 22 minutes. 
These movements may appear trifling, but either exceeds the normal diurnal range. 
A second somewhat rapid change was an easterly movement of 3 between 23 h. 0 m. 
and 23 h. 26 m. on the 23rd. 

At Buitenzorg N had been falling for some time prior to 8 h. on the 23rd. But 
about 8 h, 20 m. there was a sharp rise, leading to a horn-like peak at about 8 h. 26 m. 
After this the fall was resumed, and continued almost uninterruptedly for fuUy three 
hours. Between 14 h. 0 m. and 16 h. 20 m. on the 23rd there was a rise of 99y and fall of 
84y in H ; corresponding fairly in time with the large oscillation in Antarctic E'. There 
was a comparatively quiet time from 18 h. to 23 h. on the 23rd, though even then 
there were numerous small oscillations in N. There was a rise of 77y in N between 
23 h. 30 m, on the 23rd and 2 h. on the 24th, and a fall of 96y between 4 h. and 8 h. 
on the 26th. The E and V curves were much quieter, but both showed very appreciable 
oscillations during the large N oscillation between 14 h. and 16 h. on the 23rd. 

Only the H Alibag trace was available. Shortly after 8 h. on the 23rd it showed 
a prominent horn, answering to that in the Buitenzorg N trace. Between 8 h. 26 m., 
when the top of the horn was reached, and 14 h, 10 m. there was a fall of 113y* 
Between 14 h and 16 h. of the same day there was a prominent oscillation similar to that 
in N at Buitenzorg. The trace was comparatively quiet from 0 h, to 8 h. on the 24th. 
Subsequent to 20 h. on the 24th there was no movement worth mentioning, except a 
decided bay between 6 h. and 8^ h. on the 25th. 

At Honolulu shortly after 8 h. on the 23rd there was a prominent horn in the H 
curve, similar to those described at Buitenzorg and Alibag. Corresponding to this 
there were oscillations in D and V, the former, however, being very small. This was 
followed by a large fall in H. The largest subsequent H movements were on the 23rd, 
between 23 h. and 24 h., and on the 24th between 6h. and 6h., and again between 
8 h. and 9 h. While the range in D considerably exceeded that in V, short-period 
oscillations were more prominent in the latter element. 
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The Helwan H trace shows the tooth-like movement between 8 h. and 9 h. on 
the 23rd, and there was a corresponding visible oscillation in V. The H trace was most 
disturbed between 13 h. and 22 h. on the 23rd, and between 18 h. and 21 h. on the 24th. 
During the afternoon of the 23rd there were some slow oscillations in D. 

The Agincourt traces, both H and D, were considerably disturbed. The D move- 
ments were the larger, but short-period oscillations were more prominent in H. On the 
23rd the oscillation having its turning point about 8h. 26 m. was prominent ; it was 
slightly larger in D than in H. No large movement occurred until 9 h. 5 m., when there 
began a swing of 24' to the East, which ended at 10 h. 16 m. Between 14 h. 0 m. and 
15 h. 17 m. H fell 133y and rose 142y. The other chief H changes occurred between 
20 h. and 24 h. on the 23rd, and between 3 h. and 9 h. on the 24th. There was a very 
deep bay in tlie D curve between 23 h. and 24 h. on the 23rd, This was composed of 
uninterrupted movements of 45' to the East and 39' to the West. Other smaller but 
noteworthy D movements occurred on the 24th, between 2h. and 3h., between 4h. 
and 6 h., and between 8 h. and 10 h. Neither H nor D showed any large change during 
the afternoon of the 24th. 

At Eskdalemuir the tooth-like oscillation before 8j h. on the 23rd was apparently 
represented, but it was preceded and followed by other oscillations of decided though 
smaller amplitude, and so makes less appeal to tire eye than at Buitenzorg, Alibag, 
Honolulu or Helwan. At Eskdalemuir this movement in N was accompanied by a fully 
larger movement in E, and there was also a distinct dimple in the V curve. Throughout 
the greater part of the time at Eskdalemuir N was considerably more disturbed than 
E. The largest movements in all three elements occurred between 14 h. and 16 h. on 
the 23rd, a,nd between 23 h. on the 23rd and 1 h. on the 24th. At the former time the 
V trace showed the pinnacle, and at the latter time the pit, which are respectively 
characteristic- of afternoon and early morning disturbance in that element. I’he 
movement at Eskdalemuir between 23 h. on the 23rd and 1 h. on the 24th was of a 
rotating type, the vector in the horizontal plane rotating anti-clockwise. 

At Hitka the tooth-like movement before 8-J h. on the 23rd is represented in H and 
to a minor extent in D and V, but it is preceded as at Eskdalemuir by minor oscillations, 
and so is comparatively insignificant. The largest movements occuired between 13 h. 
and 16 h. on the 23rd, when there were large bays in the traces of all three elements. 
The deepest points in the bays (minimum in H, maximum easterly declination, and 
minimum in V) all occurred within a few minutes of 16 h., when the D trace was for 
a short time beyond the limits of registration. During the three hours specified the range 
was 406y in H, and 398y in V, and exceeded 180y in D. The V trace contained a bay 
of some size between 23 h. on the 23rd and 1 h. on the 24th, and there were simultaneously 
fair movements in H and D ; but the disturbance near midnight on the 23rd was not 
outstanding as at some of the other stations, being only a little larger than ha adjacent 
hours. There was a specially large rapid oscillation in the three elements about 
6 h. 40 m. on the 24th, and several large but slower oscillations occurred later on the same 
day between 8 h, and 13 h. During most of the time, especially between 9 h. on the 
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23rd and 6h. on tlie 24tli, tliere were incessant sliort-period oscillations in H 
and D. 

One of the most interesting features of this disturbance is a recognisable tooth- 
like disturbance at all the stations, preceding the larger movements. It was not of the 
ordinary a.c; type. It commenced indeed hke the ordinary s.c. with a rise in H or N, 
but this was immediately followed by a similarly large and equally rapid fall. At 
some stations, including Buitenzorg, Alibag and Honolulu, the fall appealed more to 
the eye than the rise. The amplitudes of this oscillation, taking the mean of the rise 
and fall, were as follows : — ^Antarctic N', 23y ; Mauritius H, lOy ; Buitenzorg N, 13y ; 
Alibag H, 12y ; Honolulu H, 9y ; Helwan H, 16y ; Agincourt H, 15y ; Eskdale- 
muir N, 17y ; and Sitka H, 19y. The law of variation of the amplitude with latitude 
is thus fairly similar to that seen in s.c’s. 

The movements between 14 h. and 16 h. on the 23rd were especially prominent at Sitka 
and the Antarctic, and were amongst the largest at Buitenzorg, Alibag, Agiiu-.ourt and 
Eskdalemuir ; but they were comparatively insignificant at Honolulu. The movement 
near midnight of the same day was, on the other hand, the most prominent recorded 
at Honolulu, but was comparatively insignificant at Sitka. At Eskdalemuir it was 
fuUy as prominent as the disturbance between 14 h. and 16 h. It was also exceedingly 
prominent at Agincourt, and was weU represented at Buitenzorg and the Antarctic. 

Section 103. — Between 7 h. and 10 h. on August 31, 1911, there was a large and 
distinctive movement in the Antarctic curves. Before 7 h. conditions were quiet, 
but after 10 h. conditions remained tmquiet for some time. The movements in the 
Antarctic N' and V traces were such as are not infrequently met with in the “ apecjial 
type.” There was a fall in E', wliich showed no signs of slackening when tlieN' and V 
movements slackened, but continued, interrupted only by short-period oscillations, 
for about l'^ hours. During that time the general slope was nearly uniform. 

At Mauritius the H trace showed a distinct bay, the fall to the minimum at 9 h. 5 ni. 
somewhat exceeding the subsequent rise. The D trace showed little but the normal 
variation. 

At Buitenzorg there was a bay in the N curve, followed after 10 h. by irregular 
movements. The E and V traces were comparatively undisturbed. At Alibag there 
was a distinct bay in H. 

At Agincourt there was a decided bay in H ; but the disturbance in D, a westerly 
followed by an easterly movement, was at once much larger and more regular, being 
quite a conspicuous object on the curve. 

At Eskdalemuir there were bays in the N and E curves, and to a minor extent 
in the V curve. 

At Sitka the minor oscillations usually visible there increased in activity after 
6 h., and remained active after 10 h. ; but between 7 h. and 10 h. the amplitude of 
the movements was greater than either before or after. These movements took the 
form of irregular oscillations in the H curve. The D movements were at once larger 
and more regular. A movement to the East was followed by a larger movement to 
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Table CLIII. — 7 h. to 10 h. August 31, 1911. Plate XLVI. 


Station. 

liloinont. 


Times of 


Disturbance 

Inequality 

Maximum. 

Minimum. 

Itange. 

Rango. 



h. 

m. 

ji. 

in 

y 

Y 

Antarctic 

N' 

8 

26 

7 

18 

172 

23 


E' 

8 

26 

9 

67 

174 

16 


V 

8 

6 

8 

56 

94 

9 

MauritiUH 

H 

7 

0 

9 

6 

19 

7 


D 

10 

0 

7 

46 

30 

25 

Buitenzor^f 

N 

7 

0 

8 

62 

<18 

22 


E 

8 

no 

7 

0 

16 

11 


V 

7 

0 

9 

20 

16 

11 

Alibag 

H 

7 

10 

8 

55 

16 

19 

Agincourt 

H 

8 

46 

8 

10 

33 

3 

D 

10 

0 

8 

30 

109 

12 

Eskdalemuir 

N 

7 

20 

8 

35 

43 

25 


E 

8 

34 

9 

34 

38 

17 


V 

7 

0 

10 

0 

11 

6 

Sitka 

H 

8 

5 

9 

15 

83 

3 


D 

8 

40 

9 

16 

127 

6 


V 

8 

4 

9 

1 

117 

1 


tlie West, this being followed by an easterly and then by a westerly swing. The V 
movement was still more regular. There was a marked hximp (depression), of the 
type usually exhibited during the occurrence in the Antarctic of disturbances of the 
special type. 

Section 104. — The earlier part of September 19, 1911, was generally quiet. 
Gradually unrestfulness began to be visible, both in the Antarctic and at Eskdalemuir, 
and by the time, 18 h., taken here as the beginning of the disturbance, minor oscillations 
were a good deal in evidence. The time accepted here as the end of the disturbance, 
24 h. on the 21st, is somewhat arbitrary. There was appreciable abatement of 
disturbance for an hour or two at that time at Eskdalemuir, but disturbance prevailed 
again later in the 22nd. At both Honolulu and Sitka the duration of the storm was 
estimated at 67 hours, which would put the end at 13 h. on the 22nd, and if records 
covering the whole of that time had been available it might have had advantages 
over the choice made above. 

In the Aatarctio there were some comparatively quiet short interludes, including 
22 h. to 23 h. on the 19th, and 3h. to 6h. on the 21st, but rapid oscillations were in 
progress practically the whole time. The larger movements recorded took place 
between 2h. and 12 h. on the 20th, and between 6h. and 12 h. and again between 
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21 h. and 23 h. on the 21st ; but the minor short-period oscillations were equally if 
not more prominent at other times. On the forenoon of the 20th much the most 
prominent feature was a depression of N', lasting from 2h. to 7 h. 


Table CLIV.— 18 h. September 19 to 24 h. September 21, 1911. Plate XLVII. 


Station. 

Element, 

Tim 

Maximum. 

es of 

Minimum. 

Diflturbanoe 

Eange. 

Inequality- 

Range. 



h. 

111. 

h. 

m. 

Y 

Y 

Antarctic 

N' 

IB 

40 (2lBt) 

3 

18 (20tli) 

486 

68 


E' 

7 

39 (20th) 

22 

26 (21st) 

403 

68 


V 

2 

33 (20tli) 

10 

63 (20tli) 

267 

38 

Mauritius 

H 

19 

26 (19tli) 

16 

26 (21flt) 

76 

20 


D 

11 

0 (20th) 

7 

45 (20th) 

63 

34 

Buitenzorg 

N 

1 

36 (20th) 

10 

30 (20th) 

204 

4] 


E 

7 

40 (20th) 

2 

40 (20th) 

68 

31 


V 

4- 

36 (2l8t) 

9 

36 (2lBt) 

38 

17 

Alibag 

H 

19 

30 (19th) 

10 

40 (20th) 

112 

29 

Honolulu 

H 

19 

26 (19th) 

4 

46 (20th) 

116 

7 


I> 

18 

6 (19th) 

22 

21 (20th) 

64 

46 


V 

17 

63 (2l8t) 

20 

32 (19th) 

36 

24 

Helwan 

H 

19 

26 (19th) 

16 

26 (21 at) 

99 

35 


D 

14 

66 (20th) 

10 

60 (2lBt) 

63 

64 


V 

14 

30 (2l8t) 

17 

46 (21 St) 

29 

23 

Agiucoiirt 

II 

20 

26 (19th) 

7 

20 (20th) 

283 

37 


D 

3 

6 (20tli) 

7 

40 (20th) 

326 

49 

Eakdalcmuir 

N 

17 

42 (2l8t) 

10 

60 (20th) 

216 

39 


E 

17 

32 (21at) 

3 

4 (20th) 

IBB 

.37 


V 

16 

30 (21flt) 

4 

6 (20th) 

161 

16 

Sitka 

H 

3 

68 (20th) 

9 

12 (20th) 

489 

29 


D 

9 

40 (20th) 

7 

24 (20th) 

330 

37 


V 

4 

3 (20th) 

10 

46 (20th) 

626 

11 


On the 21st from 6 h. to 12 h. there was a continual depression in the V curve 
(numerical increase). Between 21 h. and 23 h. on the 21st the principal movements 
took place in E'. Amongst them were a fall of 168y and a rise of 174y, both within 
16 minutes. Synchronous with this there was a considerable oscillation in V, 
numerical rise, then fall. 

The traces, more especially the H trace, received from Mauritius were in parts 
too faint for exact measurement, but the ranges in Table CLIV are at least 
approximately correct. D when approaching its extreme values was changing so 
slowly that the times of maximum and minimum could not be fixed with great 
precision. The H trace showed one or two small but sharp oscillations between 19 h. 
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and 20 h.. on the 19th. It was practically quiet between 22 h. on the 19th and 2 h. 
on the 20th, when some moderate slow oscillations began. Later in the 20th there 
was a faU of 21y between 6 h. 50 m. and 7 h. 40 m., and a rise of 21y between 19 h. 0 m. 
and 19 h. 36 m. But the largest movements in H occurred on the 21st between 
13 h. and 18 h. A deep bay, depression, lasted from 13 h. Om. to 17 h. 40 m. The 
fall, 37y, was slightly interrupted and nowhere very rapid. The rise was at first slow, 
but between 17 h. 16 m. and 17 h. 40 m. it amounted to 41y. There were bays in the 
D curve on the 20th between 2 h. and 6 h. and between 8 h. and 13 h., but they mainly 
represent the regular diurnal variation, though somewhat enhanced. 

At Buitenzorg, as usual, N was much the most disturbed element. Throughout 
most of the time there were successive large bay-lilce movements, with a considerable 
number of short-period oscillations superposed. There were, however, two com- 
paratively quiet interludes, the first between 21 h. on the 19th and 1 h. on the 20th, 
the second between 20 h. on the 20th and 6h. on the 21st. The most disturbed time 
was from 2 h. to 16 h. on the 20th. Between 9|h. and 12 h. N fell 72y and rose Illy. 
There was also ' considerable disturbance on the 21st between 6h. and 18 h. The 
E trace showed a fair number of short-period oscillations, and the V trace some wave-like 
movements of longer period, but neither element was much disturbed. 

The disturbance in H at Alibag was a good deal less than that in N at Buitenzorg. 
It was pretty quiet at Alibag until 19 h. on the 19th. Some considerable oscillations 
and a decided bay occurred in the H curve between 19 h. and 21 h., after which it 
remained nearly quiet until 2h. on the 20th. From 7,h. to 17 h. on the 20th there 
was a good deal of disturbance, the element being on the whole considerably 
depressed. Between 9h. 36 m. and 12 h. 6 m, there were a fall and rise, each of 

about 46y. It was practically quiet from 20 h. on the 20th to 6h. on the 21st and 

again after 18 h. on the 21st. From 6h. to 17 h. on the 21st the element was 

markedly depressed. Between 17 h. 20 m. and 17 h. 40 m. on the 21st there was a 

recovery of 44y, which was the most rapid of the larger movements. 

At Honolulu the D and V curves were not much disturbed, but showed a few 
minor wave-like movements. There was a brisk fall in H between 19 h. and 20^ h. 
on the 19th. Thereafter it was but little disturbed until 2jh. on the 20th. Between 
2h, and 7h. 20 m. on the 20th H fell 83y and rose 73y. The trace remained a good 
deal disturbed up to 13 h. on the 20th. Subsequently there were only minor 
oscUlations, the principal between 6 h. and lOj h. and between 14 h. and 18 h. on the 21st. 

The Helwan H trace in many respects closely resembled that at Alibag, 
outstanding movements in the two corresponding. But while at Alibag there was 
a rather prominent summit about 6h. 40 m. on the 20th, H had been falling at 
Helwan since 4 h. Corresponding to a principal summit at one place there was only 
a stationary point at the other. At Helwan H rose 60y between 17 h. 20 m. and 
17 h. 40 m. on the 21st. The D and V traces at Helwan were but little disturbed on 
the whole, but contained rather conspicuous bay or wave-like movements between 
14^ h. and 16^ h. on the 20th, and between 17 h, and 18 h. on the 21st. 



At Agincouit the H and D traces were both highly disturbed. The principal 
movements in both occurred between 2 h. and 11 h. on the 20th. The only 
considerable D movements except at that time occurred between 21 Jh. on the 20th 
and Ih. on the 21st, and between 6^h. and 10 h. on the 2lBt, and they were much 
smaller tbn,n those first mentioned. Minor oscillations were more in evidence in the 
H trace, where they prevailed most of the time except from 3 h. to 6 h. on the 21st. 

At Eskdalemuir numerous small oscillations appeared in the N and E traces 
after 16 h. on the 19th. The larger movements in N occurred on the 20th between 
2h. and 8h. and between 14 h. and 20 h., and on the 21st between 17 h. and 18 h. 
Between 17 h. 28 m. and 17 h. 46 m. on the 21st there was a rise of 143y. The chief 
movements in the E trace were 64y East between 20 h. 10 m. and 20 h. 40 m. on 
the 19th, 79y West between 2h. 40 m. and 3h. 5 m. on the 20th, and an oscillation 
97>' East and 93y West between 17 h. 20 m. and 17 h. 50 m. on the 21st. The only 
prominent feature in the V trace was a bay from about 2h. to 8h. on the 20th. 
Between 2 h. 0 m. and 4 h. 10 m. the element fell 89y . Between 2 h. and 6 h. on the 21st 
and from 11 h. to 14 h. on the 21st there was little disturbance in any of the elements. 

At Sitka conditions were pretty quiet until after 17 h. on the 19th, and there 
were no very large movements until 3h. on the 20th. The most highly disturbed 
times were between 6h. and 16 h. on the 20th, and between 6h. and 16 h. on the 21st. 
The movements in all three elements were large, especially in V where the trace was 
twice off the sheet on the 20th, though for less than 10 minutes on either occasion. 
Between 4 h. and 7 h. 20 m. on the 20th, when the trace went ofi the sheet, there was 
a nearly uninterrupted fall of V amounting in aU to 626y. Between 6h. 40 m. and 
7 h. 40 m. on the 20th H fell 379y and rose an equal amount. Between 7 h. 16 m. 
and 7 h. 33 m. D moved 39' (179y) West and 61' (280y) East. 'There were numerous other 
large oscillations on the 20th between 6 h. and 16 h., and considerable intercrossing of the 
traces. On the 21st between 7h. 6 m. and 9h. 6 m. li fell 290y. Between 6h. 40 m. 
and 9h. 10 m. V fell 302y. Between 10 h. 6 m. and 12 h. Om. IT rose 248y. Between 
10 h. 30 m. and 12 h. 20 m. V rose 321y. There were also considerable D movements 
between 6h. and 11 h. At Sitka it was comparatively quiet from 16 h. on the 20th 
to 6|f h. on the 2l8t. 

During the disturbance of September 19-21, 1911, the movements were 
numerous and none had any particularly outstanding feature, while the almost 
continuous succession of minor oscillations tended to distract the eye from such bold 
movements as there were. 'Fhus it is difidcult to gauge the greater or less parallelism 
of the disturbance at the different stations, or the degree of correspondence in 
individual movements. A general parallelism, however, obviously existed in the 
sequ^ce of events at the different stations. In particular there was everywhere a 
markedly increased activity of disturbance after 2h. on the 20th, and this activity 
continued until the early afternoon. It fell off decidedly later on the 20th, but 
showed a marked recrudescence after 6h. on the 21st. As usual V showed little 
disturbance at the stations in lower latitudes. At Eskdalemuir the range in V was 
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considerable, but tbe disturbance was inconsiderable except during a lew bour^. 
At Sitka disturbance in V was quite of a different order. Short-period oscillations, it 
is true, were not nearly so conspicuous as in H or D, but there were a number of bold 
movements and much more oscillation than is usually seen in a V trace. While there 
was no close resemblance between the V movements in the Antarctic and at Sitka, 
the larger movements occurred about the same time at the two stations. The 
storm in fact was active in the Antarctic and at Sitka at the same time, and was 
much more feebly developed in the intervening region. 

Section 105. — ^The disturbance of October 10-11, 1911, had no very definite 
beginning or ending. At Honolulu it was regarded as commencing at S'J li. 
on October 10, and ending at 14jh. on October 11. At Sitka the accepted times 
were : — Beginning 11 h. on 10th, end 11 h. on 11th. Here it is regarded as comprised 
within the 24 hours commencing at 12 h. on the 10th. This includes all that would 
naturally be included in a magnetic storm in the Antarctic or at Eskdalemuir. 


Table CLV. — 12 h. October 10 to 12 h. October 11, 1911. Plate XLVIII. 


Station. 

Element. 

Times of 

Bisturbanee 

Bange. 

Inequality 

Bange. 

Maximum. 

Minimum. 



h. 

m. 

h. 

111. 

V 

Y 

Antarctic 

N' 

16 

46 (10th) 

6 

38 (11th) 

330 

76 


E' 

5 

20 (11th) 

19 

35 (10th) 

467 

82 


V 

23 

28 (10th) 

8 

38 (11th) 

143 

46 

Mauritius 

H 

12 

0 (10th) 

18 

40 (lOtli) 

70 

21 


D 

8 

46 (11th) 

19 

0 (10th) 

68 

37 

Buitenzorg 

N 

21 

10 (10th) 

5 

66 (11th) 

127 

39 


E 

6 

36 (11th) 

2 

16 (11th) 

41 

48 


V 

5 

36 (11th) 

1 

40 (11th) 

27 

32 

Alibag 

H 

23 

16 (10th) 

4 

60 (11th) 

66 

44 

Honolulu 

H 

12 

62 (10th) 

4 

20 (11th) 

148 

18 

' 

D 

18 

10 (10th) 

23 

12 (10th) 

68 

28 


V 

6 

28 (11th) 

21 

36 (10th) 

36 

17 

Helwan 

H 

12 

0 (10th) 

18 

66 (10th) 

89 

30 


D 

23 

10 (10th) 

3 

66 (11th) 

96 

32 


V 

19 

0 ? (10th) 

23 

6 (10th) 

26 

18 

Agincourt 

H 

21 

26 (10th) 

5 

26 (11th) 

291- 

27 


D 

4 

10 (11th) 

21 

26 (10th) 

246 

36 

Eskdalemuir 

N 

2 

24 (11th) 

5 

4 (11th) 

183 

28 


E 

23 

8 (10th) 

6 

60 (11th) 

317 

31 


V 

19 

16 (10th) 

1 

46 (11th) 

233 

16 

Sitka 

H 

1 

11 (11th) 

i 

68 (11th) 

697 

26 


D 

6 

26 (11th) 

2 

26 (11th) 

299 

24 


V 

2 

34 (11th) 

5 

0 (11th) 

406 

7 




In the Antarctic ahort-period oscillationa were hardly more prominent than 
on the average day ; the outstanding feature was the long persistence of changes 
in one general direction. N' began to show a decided fall after 17 h. on the 10th, 
and continued to fall with only slight interruptions until 4h. on the 11th. A 
considerable oscillation ensued between 4h. Om, and 5h. 40 m., and then a nearly 
uninterrupted rise took place until 10 h. The E' trace after 16 h. on the 10th, showed 
a general fall until 21 h. There was a general rise from 23 h. on the 10th to 5 h. 20 m. 
on the 11th, followed by a general fall until 11 h. Near 12 h. on the 11th, the elements 
were all very quiet. As Table CLV shows, the total ranges in N' and E' were very 
considerable. 

There was also a considerable range in V, there beiug a slow but long continued 
(numerical) rise from 0 h. to 8 h. on the 11th, but there was no single strik ing movement. 

At Mauritius there was a rather rapid, if small, fall in H about 8 h. 40 m. on the 
10th, and after it an almost uninterrupted fall until after 17 h. This is much after 
the style of the ordinary diurnal change, but the amplitude was three or four times 
the normal. Several considerable slow oscillations ensued, followed by a general 
rise of H until 24 h. on the 10th. Subsequently, until 6h. on the 11th, there were 
successive slow oscillationa, accompanied on the whole by a slight fall in H. The 
D trace shows a few irregular movements, especially between 2 h. and 6 h. on the 11th. 
Erom 12 h. to 19 h. on the 10th, there was an almost uninterrupted awing of 
to the West, the normal change in the time being only about 2'. Also the value of 
D at 19 h. was about 6^' more westerly than the value next day at 6h., whereas in 
the normal course it would have been fully 2' more easterly. Still the general 
appearance of the T) curve does not suggest active disturbaTice. 

At Buitenzorg, as usual, the N movements were much the largest. On the whole 
there was a rise in N from 37 h. to 21 h. on tlie 10th, followcfl by a very considerable 
fall from 23 h. on the 10th to 6 h. on the lltli. Though the ranges in Table OLV would 
not suggest it, the B and V traces wore l)oth obviously disturbed, but the individual 
movements were of an irregular character and not large. ^Phe E trace at times 
exhibited a good many small short-period oscillations, while the V trace presented 
a succession of slow wave-like movements. 

At Allbag, as at Mauritius, H had been falling on the whole for some hours before 
12 h. on the 10th, and the fall continued until 17 h. Then followed a general rise, 
interrupted slightly by slow oscillations, until 23 h., and then a fall similarly interrupted 
until 4 h. on the 11th. After 6 h. a rise set in, which lasted with only trifling oscillationa 
throughout most of the 11th. The principal phenomenon was perhaps the depression 

of H throughout the greater part of the time. No individual movement was at all 
strUdng. 

At Honolulu H began to fall shortly after 12 h. on the 10th. From 16 h. to 17 h. 
the fall was interrupted by a slight rise, but after 17 h. it continued with only 
slight interruptions until after 4h. on the 11th. A rise then began, which continued 
wth minor interruptions until after 18 h. on the 11th, but the total rise after 14 h. on 
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lie Util was not large. Here, as at Mauritius, the general appearance oi the H trad^ 
is that of a large indented bay. The D and V ranges, as Table CLV shows, were 
decidedly enhanced,- but the traces, especially that of D, were on the whole smooth. 
The largest short-period movements occurred between 4^h. and 6jh. on the 11th. 

At Helwan, H had a general fall from 11 h. to 19 h. on the 10th, a rise from 19 h. 
on the 10th to 1 h. on the 11th, then a fall from 3h. to 7h. followed by a rise. The 
main feature is the depression throughout the greater part of the afternoon of the 10th. 
The D trace showed a slow easterly movement from 16 h. to 23 h. on the 10th, followed 
by a slow westerly movement until 4h. on the 11th. The D range is considerable 
for Helwan, but irregular movements were small. 

At Agincourt both H and D traces showed quite a brisk disturbance between 
21 h. on the 10th and 9 h. on the 11th. There were numerous short-period oscillations, 
some of considerable size, but the general trend of the H trace was tmmistakably 
downwards from 21 h. on the 10th to 5|-h. on the 11th. A very rapid recovery then 
set in ; but the element was markedly below its normal value from 0 h. to 9 h. on 
the 11th. The D trace exhibited a general tendency to easterly movement from 
21 h. on the 10th to nearly 6 h. on the 11th, followed by a return towards the normal. 
But the oscillations in D were larger relative to the general drift than was the case 
in H. Thus while both curves suggest prolonged bays lasting from 21 h. on the 10th 
until 10 h. on the 11th, the D bay seems shallower and more indented than that in H. 
The largest of the comparatively short-period movements in both elements took 
place between 4h. and 6h. on the 11th. 

At Eskdalemuir, the curves remained normally quiet until 12 h. on the 10th, 
and had reverted to a quiet condition by 10 h. on the 11th. There were minor 
oscillations in N from 12 h. to 18 h. on the 10th. Larger movements followed from 
18 h. on the 10th to 6 h. on the 11th. On the whole, N was falling from 18 h. to 21 h. 
on the 10th, and from 2jh. to 6h. on the 11th, but there was a considerable rise 
from 21 h. on the 10th to 2|h. on the 11th. The largest movements occurred 
between Oh. and 6h. on the 11th. At 6h. on the 11th, when active disturbance 
seemed practically over, H was depressed some 80y below its normal value. Thus 
the depression in N, like that in H at Alibag and Helwan, was in two stages, interrupted 
by a marked recovery. 

There was a large E range at Eskdalemuir. There were some large comparatively 
slow oscillations, but the disturbing forces had a generally easterly trend from 
16 h. to 23 h. on the 10th, followed by a more rapid westerly reaction until 4 h. 
In fact from 3h. to 7 h. on the 11th, the W element was numerically above its 
normal value. The E trace has the general appearance of a bay from about 17 h. 
on the 10th to 4h. or 6h. on the 11th. The larger oscillations in the element occurred 
between 22 h. on the 10th, and 3 h. on the 11th. The V trace at Eskdalemuir showed 
a practically uninterrupted though not very large rise from 12 h. to 19 h. 20 m. on 
the 10th. Then followed a practically unbroken fall until nearly 2h. on the 11th. 
From 2h. to 4h. the trace was nearly level, and then followed an almost continuous 
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rise, restoring V to its normal value about 10b. on the llth. Thus the trace 
resembles a large bay with no striking indentations, extending from about 19 h. 20 m. 
on the 10th to 10 h. on the llth. 


At Sitka there seem three phases in the storm. From 12 h. to 24 h. oir the 10th 
there were large bold movements in all the elements. From Oh. to nearly 5li. on 
the llth there were no large movements but a rapid succession of very appreciable 
though minor oscillations, the H and D traces, which then happened to be close 
together, crossing and recrossing. From 5h. to 11 h. on the llth larger and longer 
period movements were again in evidence. By 12 h, on the llth disturbance liad 


practically ceased, though small oscillations — which seem a dominant feature at 
Sitka continued for hours. One of the largest of the comparatively slow moveiuents 
at Sitka occurred between 12 h. and 14 h. 6 m. on the 10th. In this time H fell 106y 
and rose as much ; decimation changed 21' to the West then 21' to the East ; V 
fell 129y and rose lUy. From 14 h. 5 m. to 19 h. 20 m. on the 10th H had a nearly 
uniuterrupted fall of 198y. A rapid rise interrupted only by small short-period 
osciUations Mowed until 23 h. 6 m., the total rise since 19 h. 20 m. amounting to 
281y. H remamed oscillatory but high until nearly 6h. on the llth, when some 
large rapid oscillations occurred, not very clearly shown on the sheet. They loft H 
reduced by some 232y. The minor oscillations which followed on the whole tended to 
raise H, and by 11 h. on the llth, it had returned to about its normal value. 'I'ho 
D range at Sitka, so far as shown,* was considerably smaller than that in 11. 'I'ho 
nee^e was considerably to the West of its normal position from 18 Jh. to 22 h. on tlie 
10th. There were some very rapid oscillations, not very clearly shown in the trace 
e ween 6 L and 6 h. on the llth. In the course of 46 minutes there were movements 
of 59 +to East, 62' + to West, and finally 38' to East. As usual, the V moveiuent.s at 
Sitka were less oscillatory throughout most of the time than those in the hormmtal 
components but some were large. The element was below its normal value from 

^ «w^tinued almost 

^Wptedly until 23 h 60 m. on the 10th, during which time V had risen 2B7y. 

until n 1 *^ K though somewhat rapid oscillatioiiH 
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was particularly regular, and in tlie Antarctic in tlxe case of N', the fall continued until 
about 4 h. on the 11th. At Mauritius, Alibag and Helwan it continued only until 17 h. or 
18 h. on the 10th, but it had commenced at these stations before 12 h. on the 10th. 
At Agincourt it continued until 4 h. or 6 h. on the 11th, but did not become prominent 
until about 21 h. on the 10th. At Bxiitenzorg the fall in N was interrupted from 17 h. 
to 21 h. on the lOth, during which time there was a considerable rise. Similarly at 
Eskdalemuir there was a considerable recovery in N between 21 h. on the 10th and 
2jh. on the 11th ; while at Sitka a marked recovery in H continued from 19j h. until 
24 h. As usual the V disturbance was trifling at the stations in low latitudes, but 
it was considerably larger at Eskdalemuir than in the Antarctic, a very unusual feature, 
and at Sitka it was immensely larger than elsewhere. Further, whUe the V range at 
Eskdalemuir was considerable, the movements there were all slow ; but at Sitka there 
were movements of all kinds, including several oscillations of a suddenness most 
unusual in the element. 

Section 106. — The disturbance of November 8-9, 1911, had an sn., generally of 
considerable amplitude, at about 13 h. 43 m. This had, however, been preceded at 
Sitka by some short-period oscillations, which commenced shortly after 12 h. on the 
8th. Thus 12 h. has been taken as the beginning of the interval to which Table CLVI 
refers. 

In the Antarctic conditions were very quiet for 10 or 11 hours preceding the s.c. 
The s.c. movement was followed by others of similar amplitude, and though conditions 
were quieter between 16 h. and 20 h. on the 8th than they had been during the 
previous two hours, there was no conspicuous reduction of disturbance until after 
6h. on the 9th. The largest movements which, as Table CLVI shows, were very 
considerable, occurred between 21 h. on the 8th and 4 h. on the 9th. 

At Mauritius the H trace shows no disturbance worth mentioning except between 
21 h. and 24 h. on the 8th. Between 21 h. 30 m. and 23 h. 26 m. there was a fall of 
34y. The D trace was extremely regular until 22 h. on the 8th. After that, small 
irregularities appeared, but the main changes arose apparently from the regular 
diurnal variation somewhat enhanced. 

At Buitenzorg, considering the size of the s.c. movement, the total range in N was 
comparatively trifling. The largest movements appeared between 21 h. on the 8th 
and 6 h. on the 9th. The E and V curves showed only trifling irregularities, but both 
elements, especially V, had a range markedly in excess of the normal. 

At Alibag, except at the time of the s.c. and again between 21 h. and 24 h. on the 
8th, the H trace showed only trifling irregularities. The D and V traces were nearly 
smooth throughout. 

The trace received from Honolulu stopped a little after 3^ h. on the 9th ; thus 
the ranges given in Table CLVI may have been shghtly exceeded. The s.c. movement 
itself was of fair size in H. But subsequently with the exception of some not very 
large oscillations, especially between 21 h. and 24 h. on the 8th, the curves showed 
little trace of disturbance. 
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At Helwan there was a very appreciable bay in H from 21 h, to 24 h. The 
phenomena resembled those at Alibag. 

At Agincourt the s.c., which was rather insignificant, was followed by numerous 
but pTTial] oscillations in H. Some larger movements occurred later between 21 h, 
on the 8th and 3 h. on the 9th. The D trace showed some oscillations following the 
s.c., up to 15 h. on the 8th. Between 16 h. and 22 h. it was of normal quietness. 
Between 22 h. on the 8th and 5 h. on the 9th there was appreciable disturbance, the 
most notable movement occurring near 3h. on the 9bh. After 6h. on the 9th, the 
D and H traces were both practically quiet. 


Table OLVI. — 12 h. November 8 to 8 h. November 9, 1911. Plate XL VIII, 


Station. 

Element. 

Tirai 

Maximum. 

bB of 

Minimum. 

BiijturbanoQ 

Range. 

Inequality 

Range. 



h. 

m. 

ii. 

m. 

y 

y 

Antarctic 

N' 

15 

32 (Sth) 

3 

19 (9th) 

324 

94 


E' 

4 

54 (9th) 

22 

47 (Sth) 

308 

102 


V 

1 

37 (9tli) 

16 

48 (Sth) 

210 

66 

Mauritius 

H 

21 

30 (Sth) 

23 

30 (Sth) 

34 

21 


D 

12 

0 (8th) 

4 

46 (9tli) 

68 

31 

Buiteiuzorg 

N 

2 

16 (9th) 

7 

65 (9th) 

66 

30 


E 

6 

10 (9th) 

2 

6 (9th) 

73 

46 


V 

4 

66 (9th) 

23 

60 (Sth) 

60 

23 

Alibag 

H 

4 

26 (9th) 

23 

26 (Sth) 

63 

36 


D 

23 

0 (8th) 

1 

16 (9th) 

22 

13 

1 

V 

17 

36 (8tli) 

1 

0 (9th) 

12 

13 

Honolulu 

H 

21 

1 (Sth) 

3 

36 (9th) 

46 

14 


D 

16 

47 (Sth) 

22 

37 (Sth) 

36 

20 


V 

13 

46 (8th) 

21 

19 (Stli) 

20 

14 

Helwan 

H 

13 

46 (8th) 

22 

66 (Sth) 

61 

18 


D 

22 

36 (Sth) 

16 

6 (Sth) 

40 

12 


V 

22 

60 (Sth) 

8 

0 (9th) 

20 

12 

Agincourt 

H 

21 

20 (Sth) 

6 

10 (9th) 

49 

28 


D 

2 

66 (9th) 

22 

60 (Sth) 

109 

28 

Eskdalemuir 

N 

13 

60 (Sth) 

23 

0 (Sth) 

62 

19 


E 

22 

14 (Sth) 

13 

60 (Sth) 

92 

24 


V 

23 

10 (8th) 

13 

0 (Sth) 

26 

9 

Sitka 

H 

16 

3 (Sth) 

22 

42 (Sth) 

67 

16 


D 

3 

39 (9th) 

23 

16 (Sth) 

69 

14 


V 

3 

43 (9th) 

14 

16 (8th) 

76 

8 


At Eskdalemuir some slight disturbance occurred from the time of the s.c. until 
16 h. on the 8th. Prom then until 21 h. ordinarily quiet conditions prevailed. 
After 21 h. the N and B traces were evidently disturbed, especially from 21 h. to 24 h., 
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and V was visibly enhanced for a few hours. The disturbance diminished after the 
early hours of the 9th, but it is difficult to assign a definite hour for its conclusion, 
as distinct unrestfulness persisted throughout the forenoon, and was followed by 
considerable disturbance later in the day. 

The traces received from Sitka stopped at 2h. on the 9th, but the mformation 
derived from the traces was supplemented by that given in the official publication, 
so that the disturbance ranges in Table CL VI do not sufier by the curtailment. 
Conditions at Sitka were exceptionally quiet for some hours prior to 12 h. on the 8th. 
But shortly after 12 h., as already explained, short-period oscillations appeared in 
both the H and D curves, and the s.c. movements when they appeared were somewhat 
inconspicuous. The short-period oscillations were less in evidence from 15 h. to 21 h. 
than from 21 h. to 24 h. on the 8th. As compared with ordinary disturbances at 
Sitka, the movements recorded on November 8 and 9 were quite trifling. 

It is clear that outside the Antarctic the disturbance was comparatively trifling, 
not merely at the tropical but also at the northern stations. In this case presumably 
the Arctic was much less disturbed than the Antarctic. 

Section 107. — The disturbance of November 12-14, 1911, had an s.c. at about 
15h. 6 m. on the 12th, of which an account has already been given. The s.c. 
was somewhat insignificant, and it might be questioned whether it was the real 
commencement of the disturbance. 

The time assigned for the end of the disturbance is somewhat arbitrary. There 
was considerable disturbance on the afternoon of the 14th, but it was preceded at 
most stations by six or seven hours of decided quietness, and may thus be regarded 
as a separate disturbance. 

In the Antarctic conditions had been pretty quiet since 6 h. on the 12th ; but 
they were less quiet from 13 Jh. to 16 h. than they had been for the three previous 
hours. There was in particular a rather sharp rise of 27y in E', commencing at about 
13 h. 35 m., which seems fairly S 3 nD.chronous with movements at other stations presently 
to be discussed. 

There were no very strildng movements, and the largest movements in the 
different elements were at different times, thus it is difficult to say exactly when the 
activity was greatest. Also the disturbance cannot be said to have altogether subsided 
by 6h. on the 14th, but from 6h. to 11 h. on that day was at least a considerably 
quieter time than either earlier or later. The largest N' movements occurred 
from 18 h. to 24 h. on the 12th, 10 h. to 14 h. on the 13th, and 2h. to 6h, on the 
14th. In E' there were some specially large oscillations between 21 h. and 23 h. on 
the 12th, and between 11 h. and 13 h. on the 13th. In V there was a fairly deep bay 
from 18 h. to 23 h. on the 12th, and duririg its occurrence there were successive 
considerable oscillations. 

At Mauritius conditions were quiet for some hours before the s.c. After the 
subsidence of the crest described in Section 72, the H trace was quiet rmtil nearly 18 h. 
From then until 20 h. there were some small but smart oscillations. There was also 
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some distuibance between 23 h. on the 12th and 1 h. on the 13th, but the most 
disturbed time in H was from 9 h. to 22 h. on the 13th, when there was a succession 
of slow oscillatioixs. Between 10 h. 0 m. and 12 h. 20 m. H rose 16y and fell 40y ; while 
between 16 h. 60 m. and 16 h. 20 m. it rose 31 y. The only part of the D trace in 
which disturbance appealed to the eye was included between 14 h. and 17 h. on the 
13th. Between 14 h. 0 m. and 14 h. 40 m. there was a swing of 3-|' to the West ; while 
between 15 h. 30 m. and 16 h. 30 m. there were swings of 3|' to the West and 3' to the 
East. 


Table CL VII. — 16 h. November 12 to 6 h. November 14, 1911, Plate XLIX. 


Station. 

Element. 

Times of 

MaximiiTii. Minimum. 

Disturbance 

Range. 

Inequality 

Range. 



h. 

in. 

h. 

m. 

y 

y 

Antarctic 

N' 

12 

60 (13th) 

2 

68 (14th) 

424 

94 


B' 

11 

26 (IStli) 

22 

3 (13th) 

456 

102 


V 

23 

0 (12th) 

13 

24 (13th) 

229 

66 

Maiirituis 

H 

23 

35 (12tJi) 

13 

6 (13th) 

69 

21 


D 

12 

0 (13th) 

3 

46 (13th) 

63 

38 

Buitenzorg 

N 

1 

26 (Idth) 

13 

6 (13th) 

109 

30 


E 

7 

0 (13th) 

1 

25 (14th) 

39 

46 


V 

6 

0 (14th) 

12 

26 (13th) 

39 

26 

AJibag 

H 

16 

16 (12th) 

12 

20 (13th) 

70 

36 

Honolulu 

H 

18 

18 (12th) 

3 

22 (14th) 

.56 

14 


D 

18 

10 (12th) 

21 

40 (13th) 

24 

20 


V 

19 

1 (13t]i) 

23 

49 (12th) 

20 

16 

Helwan 

H 

23 

36 (12t]i) 

16 

.36 (13tli) 

74 

21 


J) 

li) 

20 (13lli) 

11 

30 (13th) 

49 

19 


V 

14 

40 (13th) 

7 

66 (13th) 

20 

16 

Agincourt 

H 

11 

.36 (13th) 

16 

36 (13th) 

71 

28 


D 

2 

22 (14th) 

19 

20 (13th) 

109 

28 

Eskdalemuir 

N 

23 

33 (12th) 

12 

24 (13th) 

130 

19 


E 

16 

22 (13th) 

14 

33 (13th) 

131 

24 


V 

16 

22 (13th) 

3 

13 (14th) 

109 

9 

Sitka 

H 

12 

10 (13th) 

11 

49 (13th) 

181 

16 


D 

6 

33 (13th) 

12 

10 (13th) 

194 

14 


V 

3 

48 (14th) 

12 

69 (13th) 

240 • 

8 


At Buitenzorg conditions were pretty quiet from 10 h. 0 m. to 13 h. 36 m. on the 12th. 
At 13 h. 36 m. there began an oscillation in N of total range about 6y, and between 
the end of this and the occurrence of the s.c. there was a rise of some 9y in N, and some 
small oscillations in both N and E. As usual at Buitenzorg, during the disturbance 
the ■ movements in N were much the most conspicuous, but wave-like movements 


316 



occurred in both the E and the V curves. There were a number of short-period 
oscillations in N, but all were small. The larger of the slower oscillations in N 
occurred between 10 h. and 20 h. on the 13th. On the 14th there were no large 
movements after 4h., but the N trace remained unrestful until after 6 h. 

At Alibag the H trace was very quiet until about 13 h. 36 m. on the 12th. An 
oscillation occurred then, which though a good deal smaller than the subsequent s.c. 
is easily recognisable. From 17| h. to 20 h. on the 12th the trace was of a decidedly 
oscillatory t 3 rpe but the oscillations were small. The largest H movements occurred 
between 11 h. and 16 h. on the 13th. Between 22 h. on the 13th and 9 h. on the 14th 
there was little further movement. The D and V traces received from Alibag stopped 
about 5h. on the 13th, so it seemed inexpedient to include ranges from them in 
Table CL VII. They showed none but the most trifling movements. 

At Honolulu H fell 22y between 23 h. and 24 h. on the 12th, and between 
16 h. 50 m. and 19 h. 20 m. on the 13th it rose 16y and fell 20y. There were various 
other slow oscillations of lesser amplitude, and at times small shorter-period oscillations. 
The D and V curves, though not wholly regular, showed only small movements. The 
times assigned in the Honolulu publication for the beginning and end of the 
disturbance were respectively 14^ h. on the 12th and 14|^ h. on the 16th. 

At Helwan all the curves showed some oscillations between 14 h. and 22 h. on the 
13th. Some oscillations commencing about 13 h. 36 m. on the 12th appeared in the 
H trace, but they are a good deal smaller than the subsequent s.c. There were some 
rather striking short-period oscillations between 17|h. and 20 h. on the 12th, which 
closely resembled synchronous movements at Alibag. There was also rather a rapid 
fall in H between 11 h. and 12 h. on the 13th. 

At Agincourt the s.c. was of a very insignificant character, and there was a previous 
oscillation (— , -f- in H ; E. W.in D) of about the same amplitude, commencing about 
13 h. 35 m. There was little sign of disturbance, practically none in D, until 21 h. 
on the 12th, and it was also nearly quiet from 22^ h. on the 13th to 1-^h. on the 14th, 
and from 4 h. to 9 h. on the 14th. H was considerably disturbed from 23 h, on the 
12th to 7 h. on the 13th, from 11 h. to 16 h. on the 13th, and from 1 h. to 3 h. on the 
14th. The largest D movements occurred on the 13th between 2h. and 14 h. and. 
between 21 h. and 23 h., and on the 14th between Ih. and 4h. Between 6h. and 
8h. on the 13th D moved 20' to the West, and then 18|^ to the East. The D 
movements were more intermittent than those in H but were larger. 

At Eskdalemuir the s.c. movement was small, even in N, and was preceded by a 
somewhat larger movement between 13 h. 36 m. and 14 h. 10 m. This earlier 
movement was largest in N, where it took the form of a comparatively slow double 
oscillation ; in V only a small rise is clearly visible. The largest movements in N 
occurred between 23 h. on the 12th and 1 h. on the 13th, and between 16h. and 22 h. 
on the 13th. Between lb. and 10 h. on the 13th, and after 22 h. on the 13th, there 
was no large movement but numerous minor short-period osofllations. The principal 
E movements occurred between 14 h. and 22 h. on the 13th. The V curve contained 
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a perceptible bay between 23 h. on the 12th, and 1 h. on the 13th, rather a sharp rise 
and fall between 16 h. and 17 h. on the 13th, and shallow bays between 21 h. and 23 h. 
on the 13th, and between 2 h. and 6 h. on the.l4th. 

The Sitka trace available commenced about 2j h. on the 13th, and there was no 
record from 18 h. on the 13th to 2^h. on the 14th. The chief movements shown 
occurred between 6 h. and 17 h. on the 13th, when all the elements, especially V, were 
considerably disturbed. From 4 h. to 9 h. on the 14th disturbance was represented only by 
numerous small short-period oscillations. In the Sitka publication the commencement 
of the storm is put as late as 6 h. on the 13th, and its conclusion is given as 17 h. on 
the 16th, so the comparatively quiet time during the forenoon of the 14th was regarded 
as only an interlude. 

Perhaps the most unusual feature in connection with this disturbance is the 
existence prior to the s.c. of movements of a different type clearly represented at most 
if not all the stations. The s.c. movement was but poorly represented in the northern 
hemisphere, and the subsequent disturbance in the horizontal plane at Agincourt 
and Sitka was not so large compared with that elsewhere as was usually the case. 
On the other hand, while short-period oscillations in V were much more in evidence 
in the Antarctic than at Sitka, the latter station showed the larger range of disturbance. 

108. — ^Later in the 14th, between 11 h. and 16 h., there were rather 
conspicuous movements at all the stations from which curves had been received. 
The usual particulars appear in Table CL VIII. 

In the Antarctic the E' trace dxiring the five hours showed several slow 
oscillations which differed from those preceding them only in being larger. The 
N' and V movements were relatively more conspicuous. The principal N' movements 
were a rapid rise and slower fall between 11 h. 10 m., and 13 h. 20 m. The V curve 
contained a large bay (numerical increase) extending from 11 h. to 15 h. 

At Alibag the H trace showed a large bay from 11 h. 20 m. to 14 h. 40 m., followed 
by a smaller but considerable oscillation between 14 h. 40 m. and 16h. Om. 

At Honolulu the principal feature was a rise and fall of H, the rise being the 
larger and more rapid movement, between 11 h. 10 m. and 13 h. 10 m. 

At Helwan the H trace was too faint to show details. In the D and V curves 
the most noteworthy incident was an oscillation lasting about an hour which began 
about 14 h. 20 m. The first movement — easterly swing in D, fall in V — was 
considerably the more rapid. This oscillation was followed by a second but considerably 
smaller one. 

At Agincourt two bays appeared in succession in the H curve. The D curve 
showed a large westerly swing from 11 h. 10 m. to 12 h. 10 m., followed by a slower 
and somewhat smaller easterly swing. 

At Eskdalemuir, a fall in N between 11 h. and 12 h. was followed by a slower 
rise. This was interrupted by two considerable oscillations between 14 h. 10 m. 
and 16 h. 0 m. The E trace showed several oscillations, the most conspicuous occurring 
between 14 h. 16 m. and 16 h. 6 m. There was a decided rise in V above the normal 
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value, commencing about 11 h. 16 m. and culminating about 14 b. 46m. Tbe rise 
was moat rapid between 14 h. 20 m. and 14 h. 40 m. 


Table CLVIII. — 11 b. to 16 b. November 14, 1911. Plate XLIX. 


Station. 

Element 

Times of 

Disturbance 

Bange. 

Inequality 

E^ge. 

Maximum. 

Minimum. 



h. 

m. 

h. 

m. 

Y 

Y 

Antarctic 

N' 

11 

46 

16 

60 

211 

14 


E' 

12 

16 

14 

40 

267 

36 


V 

15 

30 

12 

30 

180 

18 

Alibag 

H 

u 

40 

12 

30 

76 

6 

Honolulu 

H 

12 

5 

11 

6 

36 

3 


D 

12 

60 

11 

20 

14 

5 


V 

18 

10 

13 

46 

6 

1 

Helwan 

D 

14 

36 

11 

0 

44 

9 


V 

11 

60 

14 

36 

20 

4 

Agincourt 

H 

11 

0 

14 

40 

63 

26 

D 

14 

60 

12 

6 

127 

17 

Eskdalemuir 

N 

14 

62 

11 

68 

95 

9 


E 

14 

36 

12 

60 

86 

9 


V 

14 

46 

11 

5 

47 

8 

Sitka 

H 

11 

26 

13 

63 

200 

1 


D 

12 

62 

11 

63 

236 

6 


V 

16 

0 

12 

54 

296 

4 


A.t Sitka there was a prominent double bay in H (—, + »—)+) between 
11b. 20 m. and 16 b. 20 m., and a large oscillation (East, West) in D. There was 
a fall of 264>' in V between lib. 20m., and 12b. 53m. Tbe recovery from this 
depression was at first very rapid, but was interrupted about 13 b. 36 m. by a reverse 
movement lasting about 20 minutes. Subsequently a rise continued almost without 
interruption until after 16 b. Tbe bump thus formed on the V trace from 11b. 20 m. 
to 16 b. is of tbe same general character, though of longer duration, than that usually 
observed at Sitka on occasions of Antarctic disturbances of the “special type." The 
disturbance between 11b. and 16 b. at Sitka, was followed as weU as preceded by a 
much quieter time. It bad much more tbe appearance of an isolated event than tbe 
simidtaneous disturbance in tbe Antarctic. Tbe disturbance occurred during a part 
of tbe day when tbe regular diurnal changes at Sitka are very trifling. 

It will be observed that at Alibag, Agincourt, Eskdalemuir and Sitka, the first 
of tbe large movements in H or N was a faU, whereas at Honolulu it was a rise. 

Section 109. — In tbe Antarctic, considering tbe time of year, conditions were 
exceedingly quiet on December 6, 1911, until 11 h. Shortly after 11 b., there 
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GomineiLGed one of a series > of large oscillations in E'. The disturbance was at first 
a good deal smaller in N' and V ; but from 15 h. on the 6th, until 2h. on the 7th, 
all three elements showed a succession of large oscillations. The most disturbed 
time was from 16 h. to 24 h. on the 6th. The disturbance subsided almost as rapidly 
as it commenced, and after 3 h. on the 7th, the curves were quieter than was usual 
in December. 


Table CLIX. — 11 h. December 6 to 2 h. December 7, 1911. Plate L. 


StaLioii. 

Elomonfa. 

Tim 

Maximum, 

08 of 

Minimum. 

Difltiirbauco 

Range. 

Inequality 

Range. 



ii. 

111. 

h. 

m. 

Y 

V 

Antarctio 

w 

18 

40 (6tli) 

23 

14 (6th) 

341 

92 


B' 

11 

69 (6th) 

18 

30 (6th) 

474 

67 


V 

21 

10 (6tli) 

21 

62 (6th) 

317 

82 

Mauritius 

H 

11 

60 (6tli) 

18 

65 (6th) 

89 

12 

Buitenzorg 

N 

11 

40 (6th) 

19 

0 (6th) 

61 

25 


£ 

12 

6 (6th) 

18 

10 (6th) 

36 

31 


V 

11 

46 (6th) 

17 

20 (6th) 

22 

G 

Alibag 

H 

n 

■10 (6t]i) 

18 

66 (6th) 

89 

11 


D 

18 

40 (6th) 

16 

40 (6th) 

20 

13 


V 

11 

ID (6th) 

19 

20 (6th) 

1] 

7 

Honolulu 

H 

11 

31 (6th) 

18 

62 (6th) 

12d 

14 


D 

18 

17 (6th) 

11 

66 (6th) 

79 

14 


V 

17 

60 (6th) 

11 

0 (0th) 

28 

9 

Agincourt 

H 

11 

30 (6th) 

18 

30 (6th) 

84 

20 


D 

22 

60 (6th) 

18 

30 (6th) 

103 

24 

Bskdalemuir 

N 

U 

23 (6th) 

18 

11 (6th) 

110 

9 


E 

18 

32 (6th) 

17 

13 (6th) 

142 

20 


V 

18 

31 (6t]i) 

12 

0 (6th) 

116 

9 

Sitka 

H 

16 

30 (6th) 

18 

20 (6th) 

19] 

13 


D 

16 

29 (6th) 

18 

36 (6th) 

183 

16 


V 

0 

58 (7th) 

18 

68 (6th) 

113 

5 



_ 


„ 


- 



At Mauritius there was decided disturbance in H between 10 h. and 11 h. on 
December 6, a rise of 20y occurring in the course of the hour. After 11 h. there 
was a nearly continuous but slow fall in H until 16 h., when the rate of fall accelerated. 
The decrease between 16 h. and 17 h. 56 m. amounted to 47y. The fall was interrupted 
by a slight rise between 17 h. 65 m. and 18 h. 10 m. Between 18 h. 10 m. and 
20h. Om., there was a fall of 26y and rise of 29y. There was a continuous rise, 
in aH about 25y, from 20 h. to 23 h. 20 m., and a continuous fall thereafter, until 2h. 
on the 7th, which amounted to about 20y. After this the trace appeared undisturbed. 
The D trace available covered only the last seven hours of the period ; it showed 
only slight disturbance. 
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Tke traces received from Buitenzorg did not commence until about lib. 40m. 
on tbe 6th, and it is probable that the ranges appearing in Table CLIX were slightly 
exceeded, at least in the case of N and V. As usual disturbance was most active in 
N, but even in that element it was but trifliog after 19 h. on the 6th. Much the 
largest movements occurred between 16 h. and 19 h. During that time N fell 43y> 
rose 66y and fell 61y. Durmg the same mterval E fell 26y and rose 19y, while V 
algebraically considered fell 13y, rose 14y and fell 12y. 

At Alibag the movements in D and V were very trifling, but some small 
oscillations were visible, especially on the 6th between 18 h. and 22 h. The H trace 
resembled that at Mauritius in showing a considerable but very regular rise between 
10 h. and 11 h. on the 6th. This was followed up to 16 h. by a gradual fall, superposed 
on which were numerous small oscillations of short period. Between 16 h. and 20 h. 
there was a fall of 46y, a rise of 23 y, a rapid fall of 46 y and finally a less rapid rise 
of 23y. During the next three hours a gradual rise took place. All trace of disturbance 
has ceased before 2 h. on the 7th. 

At Honolulu the H and V curves showed a good many short-period oscillations, 
and there were a few m D, but the only movements that were not of trifling size 
occurred between 16 h. and 20 h. on the 6th. During that time H fell 24y, rose 22y 
and fell 24y. 

At Helwan there was a very regular rise in H between 10 h. and 11 h. on the 
6th. From llh. to 16 h. there was a gradual fall in H, having superposed on it a 
good many very small oscillations of short period. From 16 h. to 19 h. there was 
a considerable fall, interrupted for a short time near 18 h. by a very slight rise. The 
total fall in the three hours amounted to 101 y. A recovery, which set in a few 
minutes before 19 h., raised H by 47y in the course of the next hour, and continued 
at a much slower rate until 23 h. The Helwan D trace showed a considerable 
oscillation between 17 h. and 19 h., an easterly swing of 9' being followed by 
a westerly swing of 6'. During the rest of the time, the D movements were very 
small. V was shghtly enhanced above its normal value from 16 h. to 20 h. on the 
6th, otherwise it showed little trace of disturbance. 

At Agincourt the disturbance was mainly confined to the hours 16 h. to 21 h, 
on the 6th. After 2 h. on the 7th, conditions were very quiet. H fell 68y between 
17 h. and 18|^h. on the 6th, and rose 46y between 18jh. and 19 h. Between 17-Jh. 
and 19 h. 40 m. on the 6th D moved 16^' to the West, and then 15^ to the Bast. 
Some minor oscillations followed between 21 h. on the 6th and 2 h. on the 7th, after 
which normal quietness prevailed. 

At Bskdalemuir N was unquiet throughout the afternoon of the 6th. Between 
17 h. and 18 h. N fell 66y ; between 18 h. and 19 h. it showed a considerable 
osofllation ; between 19 h. and 20 h. it rose 69y. There were some moderate 
oscillations between 22 h. on the 6th and 1 h. on the 7th, Between 20 h, and 22 h. 
on the 6th, and after 2h. on the 7th, conditions were almost normal. E rose 138y 
between 17 h. 16 m. and 18 h. 16 m. on the 6th and fell 112y between 18 h. 30 m. 
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and 18 h. 58 m. Between 22 h. 25 m. on the 6tli and Oh,. 16 m. on the 7th there 
was a fall of 33y, a rise of 56y, and a fall of 39y. Between 20 h. and 22 h. on the 
6th, and after 2 h. on the 7th, conditions were quiet, as with N. V was not sensibly 
disturbed until 17 h. on the 6th. Between 17 h. and 21 h., the curve had the 
pyramidal shape customary during afternoon disturbances. The rise from 17 li. 
to the maximum at 18 h. 31m. was 109y, and the fall between 18 h. 31m. 
and 21 h. 0 m. was 89y. After 21 h., except for a shallow bay between 22 h. and 24 h., 
there was hardly any sign of disturbance. 

At Sitka, minor short-period oscillations were considerably in evidence from 
11 h. on the 6th to 2 h. on the 7th, but the only large movements occurred between 

17 h. and 20 h. on the 6th. H fell 177y between 17 h. and 18 h. 20 m., and rose 
168y between 18 h. 20 m. and 19 h. D moved 36|' to the West between 17h. and 

18 h. 36 m., and 36' to the East, between 18 h. 36 m. and 20 h. V fell OOy between 
17 h. 30 m. and 18 h. 68 m., and rose 82y between 18 h. 68 m. and 20 h. 30 m. The 
fall between 17^ h. and 18 h, 58 m. was interrupted by a short rise commencing about 
18|: h. The disturbance at Sitka in the horizontal plane was for a time of a rotating 
character, the vector rotating from South to North through West. 

The more northern stations agreed with Mauritius, Buitenzorg and Alibag in 
having the chief disturbance in H or N limited to the interval 16 h. to 20 h. on the 6th. 
There was, however, a good deal of difference in the nature of the movements. At 
Eskdalemuir there were in N, as in H at Alibag, four distinct considerable movements. 
These consisted of a fall, a short rapid rise, a second fall and a second rise. The 
second and third of the movements seemed of a more secondary character than the 
other two. At Honolulu, as in N at Buitenzorg, there were three movements in H, 
not widely different in size, viz., a fall, a rise and a second fall. At Helwan, Agincourt 
and Sitka the movements were practically confined to a fall and a rise. 

The disturbance in the Antarctic was much larger than anywhere else, being of 
quite a different order except between 1 6 h. and 20 h. on the 6th. While, however, 
there were no large disturbances at Eskdalemuir and Sitka except for a few hours, 
there were almost incessant short-period oscillations during the whole time, almost 
as much so in fact as in the Antarctic. Thus the conditions, whatever they are, 
which lead to short-period oscillations were shared by the northern and southern 
hemispheres. 

Section 110. — The disturbance of December 10-12, 1911, began with an s.c., 
which has been already described. The s.c. was by no means large at the more northern 
stations, but was well developed in the Antarctic and at Buitenzorg. 

In the Antarctic, conditions had been quietj for the season, for a number of hours 
prior to the s.c. Apart from the s.c. there was no very well-marked development 
of disturbance until nearly an hour had elapsed, A continual succession of oscillations 
of considerable size then appeared in all the traces. There were some specially large 
movements between 23 h. on the 10th and 3h. on the 11th. E' fell 472y between 
22 h. 56 m. and 23 h. 35 m., while N' fell 366y between 2h. 18 m. and 2h. 42 m. 
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Between 3 h. and 9 h. on tlie 11th oscillatory movements were much less in evidence, 
but there was a comparatively uninterrupted rise in N' and E' and a numerical rise 
in V. After this, oscillations again became more prominent, especially between 
18 h. and 22 h. Conditions had become fairly quiet before 24 h. on the 11th. 


Table CLX. — IS h. December 10 to 2 h. December 12, 1911. Plate L. 




Times of 



Station. 

Biomeut. 



Blsfcurbanco 

Ineq^uality 

Maximum. 

Minimum. 

Uange. 

Bangs. 





h. m. 

h. in. 

y 

y 

Antarctic 

N' 

16 22 (lltli) 

3 42 (11th) 

444 

m) 


E' 

8 27 (11th) 

1 30 (11th) 

727 

95 


V 

22 48 (10th) 

13 48 (11th) 

382 

82 

Mauritius 

H 

■ 1 60 (11th) 

16 30 (11th) 

162 

12 


D 

9 30 (11th) 

16 40 (11th) 

81 

36 

Biiitenzorg 

N 

1 66 (11th) 

9 40 (11th) 

290 

33 

E 

8 36 (11th) 

2 46 (11th) 

104 

39 


V 

4 60 (11th) 

9 60 (11th) 

68 


Alibag 

11 

1 30 (11th) 

9 46 (11th) 

178 

11 

1) 

9 20 (lltli) 

1 0 (11th) 

58 

7 


V 

12 60 (11th) 

4 60 (11th) 

29 

4. 

Honolulu 

H 

23 12 (10th) 

10 12 (11th) 

167 

12 


D 

19 9 (lOth) 

22 63 (10th) 

42 

25 


V 

16 48 (10th) 

21 46 (10th) 

29 

15 

Helwan 

H 

ri 21 (l]th)\ 
\3 66 (11th)/ 

16 62 (Util) 

166 

14 


D 

17 24 (11th) 

3 36 (11th) 

76 

33 


V 

16 60 (11th) 

/ 1 21 (llth)\ 
\17 37 (11th)/ 

27 

16 

Agin court ... 

H 

21 26 (10th) 

8 16 (11th) 

236 

24 

D 

3 40 (11th) 

12 66 (11th) 

326 

23 

Eskdalemuir 

N 

21 3 (11th) 

8 13 (11th) 

191 

9 


E 

17 36 (11th) 

6 26 (11th) 

178 

20 


V 

16 63 (11th) 

6 33 (11th) 

174 

11 

Sitka 

H 

6 49 (11th) 

12 69 (11th) 

729 

13 


D 

8 16 (11th) 

9 19 (11th) 

379 

16 


V 

6 49 (11th) 

8 31 (11th) 

689 

5 


At Mauritius, conditions wore very quiet for some hours prior to the s.c. After 
it there was a slow gradual rise in H, very slightly interrupted, and hardly suggestive 
of disturbance until after 23 h. on the 10th. During the next five hours there were 
two or three slow oscillations of moderate size. At 4h. on the 11th a fall set in, 
which continued until 9 h. 46 m. During the last two hours of this period there were 
5 or 6 rather sharp minor oscillations, but the general trend of the trace is a downward 
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slope at a roughly constant angle, the total fall being about 143y. Slow oscillations 
followed until after 20 h. on the 11th. Superposed on these were a few shorter period 
oscillations, the most noteworthy occurring near 13 h. The D trace showed very little 
sign of disturbance until after 2 h. on the 11th. Between 2h. and 4 h. there were 
some sensible movements. Between 6 h. 40 m. and 9 h. 30 m. there was an easterly 
movement of 10^', and between 10 h. and 16 h. a westerly movement of 11'. These 
movements, which were interrupted by minor oscillations, suggest the regular diurnal 
variation enhanced some 3 or 4 times. Minor oscillations occurred at intervals until 
24 h. on the 11th. 

At Buitenzorg N was raised very considerably by the s.c., and remained above the 
normal value for several hours. But beyond small oscillations there was little further 
sign of disturbance in any of the elements until the early hours of the 11th. Between 
0 h. and 3 h. on the 11th there were considerable oscillations in N and minor oscillations 
in E and V. Shortly before 3 h. a fall began in N which continued, with interruptions 
due to short-period oscillations, until about 9 h. 40 m. The total fall during this time 
was 285y. A rapid recovery ensued for some time, the rise between 9 h. 40 m. and 
11 h. 20 m. amounting to 133y. Oscillations followed, succeeded by a second decided 
rise after 16 h. E had a nearly rminterrupted rise of 104y between 2,h. 45 m. and 
8 h. 35 m. During this time the minor oscillations were all small. Between 8 h. 35 m. 
and 17 h. 16 m. E fell 91 y, but this fall was more interrupted by minor oscillations 
than the previous one. There were some oscillations in V, but none of any great 
size. After 19 h. on the 11th the V trace was nearly level, and the other traces 
contained only minor movements. 

At Alibag the elevation of H following the s.c. continued for a number of hours. 
Apart from the s.c. there were only some trifling movements in any of the traces up 
to 24 h. on the 10th. About 2h. on the 11th a fall began in H, which continued 
with only minor interruptions until about 9h.45m., the total fall being 177y. 
Erom 9h. 46 m. to 18 h. on the 11th the Alibag H curve closely resembled that 
at Mauritius, H at Alibag rising on the whole from 9 h. 45 m. until nearly 12 h., then 
falling— with a sharp interruption near 13 h.— until after 16 h., and then rising rather 
smartly until 17|h. The Alibag D and V curves showed only some minor 
oscillations, the largest between 12 h. and 14 h. on the 1 1th. 

At Honolulu there was no large movement throughout the 10th. Near 2 h. on 
the 11th a marked fall began in H. At 10 h. 12 m., when the minimum was reached, 
the fall since 1 h. 60 m. had amounted to 164y, the major part of this occurring prior 
to 7 h. Between 8 h. and 10 h. short-period oscillations were considerably in 
evidence in H. Between 10 h. 12 m. and 13 h. H rose 103y. Neither the D nor the 
V trace showed any conspicuous movement, but the V trace showed a good many 
short-period oscillations, especially between 8 h. and 10 h. 16 m. and between 11 h. 
and 14 h. on the 11th. Conditions had apparently become pretty quiet before 20 h. 
on. the 11th, when the record received ended. 

At Helwan there was little disturbance on the 10th after the s.c. The H trace 
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showed moderate slow oscillations on the 11th from Oh. to 4h. About 4h. a 
pronounced fall began in H, which continued almost without interruption until about 
9h. 45 m., the total fall being about 116y. There were a good many minor oscillations 
from 8h. until after 10 h. From 10 h. on the 11th to 1 h. on the 12th there was a 
series of slow oscillations, H falling on the whole until near 16 h. on the 11th, and 
then showing a general rise. The Helwan H trace resembles the Alibag H trace fairly 
closely, but the later oscillations with apices about 21 h. and 24 h. on the 11th are 
more accentuated at Helwan. The D and V traces at Helwan showed almost no 
disturbance on the 10th. Throughout the 11th the D trace showed a good many 
minor oscillations, the largest between 3h. and 4h. and between 16 h. and 18 h. The 
V trace was decidedly undulatory throughout the 11th. The largest movements — 
which were liowever quite trifling — occurred between 16 h. and 18h. on the 11th. 

At Agincourt the s.c. itself was almost insignificant, and except for small short, 
period oscillations, mostly in H, there was no sign of serious disturbance during the 
10th. After Oh. on the 11th a fall began in H, which continued with interruptions 
until the minimum was reached at 8 h. 16 m. The total fall during the Sj hours, the 
greater part occurring after 2^h., amounted to 210j/. Between 8h. 16 m. and 
9 h.40m. there were some rapid oscillations, with a resultant rise in H of 188>'. 
Oscillations of less magnitude followed until 1 h. on the 12th, after which the H 
trace was practically quiet. The D trace showed only minor disturbance until 3 h. 
on the nth. Between 3h.l7m. and 4h.26m. there was a very large oscillation, 
an easterly swing of 46' being followed by a westerly swing of 46'. Other considerable 
though smaller ostiillations followed, especially between 6h. and 14 h. on the 11th. 
'.Che chief movements after 14 h. occurred near 2lh. and 24 h. After 1 h. on the 12th 
the trace was practically quiet. 

At hlskdalemuir after the s.c., which was comparatively small, none of the traces 
showed anything beyond trifling oscillations until subsequent to 23 h. on the 10th. 
N rose 63y and fell 64y between Oh. 30 m. and Ih. 46 m. on the 11th. Between 
3h. 30 m. and 4h. Om. it rose 74y. From 4h. to 8h. on the 11th the general trend 
of N was downwards, the total fall amounting to 122>', but the fall was interrupted 
between 51 l 5 m. and 6h. 30 m. by a sharp rise of 61 y. The largest N movements 
occurred between 20 h. and 22 h. on the 11th, when there were several sharp 
oscillations with a total range of 166y, After 22 h. the disturbance fell ofi, and by 
1 h. on the 12th it had nearly disappeared. After 2 h. conditions were very quiet for 
several hours. Disturbance in B was trifling until Oh. on the 11th. Between 3h. 
and 6h..66m. two prominent wave-like disturbances succeeded one another. Minor 
disturbances followed until 16 h. on the 11th. Between 16h. and 18 h. conditions 
were much more disturbed, several considerable oscillations following one another) 
with a total range of 162y in the two hours. There were also some smart oscillations 
between 20 h. and 21 h. 40 m. After that, except for a sharp fall in E between 
23 h. 20 m. and 23 h. 40 m., there was little further disturbance, and by 2 h. on the 
12th conditions had become very quiet. The V trace was almost a straight line 
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tliroughoiit the 10th. The first movement of any size was a fall of iiy between 
3 h. 30 m. and 4 h. 16 m. on the 11th. During the afternoon of the 11th V rose in the 
way customary during magnetic storms. After the maximum was reached at 
16 h. 63 m. the general trend was downward until 21jh., the fall in that time 
amounting to 139y. Subsequently, with the exception of a shallow cup-shaped 
depression about midnight, the V trace was but little disturbed. After 2h. on the 
12th it was very quiet. 

At Sitka the s.c. was very small. Subsequently throughout the 1 0th the 
disturbance was represented solely by incessant small oscillations, which were visible 
even in the V trace. After 0 h. on the 11th disturbance gradually increased, but 
there was no movement of any size until after 3 h. on the 11th. After 3h. 16 m. H 
became decidedly more disturbed, but exhibited no really strildng movement prior 
to a sharp rise, which led up to the maximum at 5 h. 49 m. Between the time of the 
maximum and 9h. on the 11th the general trend of H was downwards, but during 
this interval several large oscillations occurred, having superposed on them numerous 
short-period oscillations, also of considerable size. The total range between 6 h. 49 ni. 
and 9h. was 616y, the largest individual movement being a fall of 339y between 
8h. 2 m. and 8h. 12 m. From 9h. to lOh. there was a succession of short-period 
oscillations, the element remaining low. Between 10 h. 2 m. and 10 h. 12 m. H rose 
294y. From 10 h. 40 in. until 12 h. 18 m. there was one considerable and numerous 
small osoUlations, tending on the whole to reduce H. Then followed from 12 h. 18 m. 
to 13 h. 14 m. a very rapid fall, interrupted by some short-period oscillations, 
and a practically uninterrupted rise. The fall amounted to about 687y, the rise 
to about C24y. For some hours after this considerable though much smaller 
oscillations presented themselves in H, the general trend of the element being 
upwards. After 18 h. the oscillations fell off much in amplitude, but small short- 
period oscillations were still in progress at 1 h. on the 12th. The disturbance in D 
at Sitka began to increase after 3h. on the lltli. The moat notable movements 
were a fall of 82|" between 8 h. 16 m. and 9 h. 19 m., and a rise of 68' between 9 h. 19 m. 
and 9 h. 60 m. Large oscillations, with short-period oscillations superposed, followed 
imtil lOh., when the larger waves of longer period became decidedly less prominent. 
Short-period oscillations continued until at least 2h. on the 12th, but they had 
decidedly diminished during the previous three hours. 

The disturbance in V at Sitka was of a bold character. There were many short-period 
oscillations, but they interfered much less with the general trend of the curve than was 
the case with H or D. The trace was but little disturbed until nearly 3 h. 30 m. on the 
1 1th, when a conspicuous rise began in V . This continued with minor interruptions until 
the maximum was reached at 6h. 49 m., the total rise amounting to 168y. After 
6 h. 49 m. a rapid fall set in, continuing with only minor interruptions until 8 h. 31 m., 
the total fall amounting to no less than 689y. From 8 h. 31 m. untU 11 h. 20 m. the 
general trend was upwards, the total rise being 481y. Between 11 h. 20 m. and 
12 h. 60 m. there was a fall of 372y, and between 12 h. 60 m. and 17 h. 30 in. there 
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waa a rise of 393y, but both these movements were considerably interrupted by 
oscillations. After 17^ h. conditions were much quieter, and after 1 h. on the 12th 
the trace was almost quiet. 

The disturbance of December 10-12 was large at all the stations. In the 
Antarctic the s.c. was shortly followed by persistent oscillations of considerable 
size, but elsewhere there was little trace of disturbance during the first 8 or 9 hours 
after the s.c., beyond persistent short-period oscillations of small size. A feature 
common to all the stations except the Antarctic was a large fall in H or N during part 
of the forenoon of the 11th. But the hour when the faU commenced varied a good 
deal. It was clearly recognisable at several of the stations by 3 h. or earlier. But 
at Mauritius, Helwan and Bskdalemuir it was one hour later, aud at Sitka nearly 
three hours later in commencing. The fall waa interrupted by oscillations, but the 
general trend was clearly downwards at almost all the stations until nearly 10 h. on 
the 11th. In the Antarctic the largest oscillations occurred earlier than elsewhere. 
At Sitka the disturbance showed a concentration between Oh. and 16 h. on the 11th, 
to which there was no parallel in the Antarctic. At Agincourt the principal part of 
the storm also occupied only about 10 hours, but it began shortly after 3 h. The 
oscillation in H recorded near 13 h. on the 11th at Sitka was enormously larger than 
the synchronous movements recorded elsewhere. From Buitenzorg to Helwan the 
movements in V were quite trifling. At Bskdalemuir, while the general aspect of the 
V trace was much quieter than that of the horizontal components, the range was not 
much less than that of N or E. The V movements at Sitka were quite of a higher 
order than those at the other co-operating stations, and they were decidedly moro 
prominent than the V movements in the Antarctic throughout the greater part of 
the storm. 



CHAPTER XIII. 

DISTURBANCES OF LONGER PERIOD DURING 1912. 


Section 111. — The disturbance of January 13, 1912, has been included in 
Table OXL, as being at least closely similar to the “special type.” But it occurred at 
an hour of the day and a season of the year when that type of disturbance is unusual. 
Also it was of unusually large size, and copies of the corresponding disturbance had 
been received from most of the stations. It has accordingly been dealt with in the 
same way as the longer disturbances. 


Table CLXI. — 5 h. to 9 h. January 13, 1912. Plate LI. 


Station. 

Element. 

Times of 

Disturbance 

Kange. 

Inequality 

Range. 

MaTirmiTYi, 

Minimum. 



li. m. 

h. 

m. 

y 

y 

Antarctic 

w 

6 50 

6 

0 

201 

33 


E' 

7 0 

a 

20 

426 

17 


V 

6 50 

7 

20 

132 

26 

Buitenaorg ... 

N 

5 25 

7 

10 

56 

24 


E 

7 10 

6 

26 

22 

14 


V 

5 66 

9 

0 

21 

16 

Alibag 

H 

6 60 

7 

5 

31 

10 


D 

8 16 

6 

0 

10 

15 


V 

9 0 

6 

30 

17 

21 

Honolulu 

H 

6 16 

6 

36 

26 

3 


D 

7 0 

6 

20 

20 

2 


Y 

6 66 

6 

26 

10 

3 

Agincourt 

H 

6 0 

6 

40 

42 

2 


D 

8 0 

6 

60 

117 

7 

Eskdalemuix 

N 

6 26 

7 

6 

63 

6 


E 

6 66 

7 

36 

33 

6 


V 

6 10 

6 

40 

8 

3 

Sitka 

H 

6 36 

7 

40 

120 

i 


D 

7 6 

7 

66 

168 

2 


Y 

6 60 

7 

20 

99 

2 


In the Antarctic the disturbance was neither preceded nor followed by a quiet 
time, and its lumtation to four hours is admittedly arbitrary. The reaUy outstanding 
feature was the rise in E' culmmating about 7 h. 0 m. Within 1 J hours the element 
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rose SOly and fell 337y. Tlie movements in N' and V were not conspicuously larger 
or more rapid than some others recorded during the previous 24 hours. 

At Buitenzorg the main feature was a bay in the N curve, superposed on the normal 

fall. 

Alibag also showed a well marked bay in H between 6 h. and 8 h., and the normal 
course of the variation in D was interrupted. 

The Honolulu H trace showed a bay, depression, from 6 h. 20 m. to 7 h. V was 
enhanced from 6 h. 20 m. to 7 h. 30 m. H’he D trace contained a bay (easterly 
deflection) synchronous with the enhancement of V, 

At Agincourt there was a pretty deep bay in H between 6 h. and 7|- h., but a more 
prominent feature was a hump on the D curve. Between 6 h. 20 m. and 8 h. 0 m. there 
was a movement of 22-^' to the West, and then of 24^' to the East. 

At Eskdalemuir there was a prominent bay in N between 6 h. and 8 h., and a less 
prominent one (enhancement of easterly force) synchronously in E. The V trace was 
undnlatory, but the amplitude of disturbance was small. 

At Sitka there were considerable but rather irregular movements in all the traces 
between 6 h. and 8^ h. The range was largest in D, rather an unusual feature. ^ The 
chief feature in the H trace was a hump (enhancement of H), while D was deflected 
to the east of its mean position. The simultaneous H and D movements at Sitka 
and Agincourt were thus diametrically opposite. Sitka was in fact the only one of 
the co-operating stations at which the first large movement in H was a rise. The 
Sitka V movements between 6 h. and 8 h. consisted of a sharp rise, an equally sharp 
and larger fall, and a more gradual return towards the normal. 

Eor some hours prior to 6 h. and again for some hours after 8 h. the Sitka curves 
were much quieter than the Antarctic curves. But later in the day between 12 h. and 
16 h. there was a prominent and pretty regular movement at Sitka (H and V 
reduced, D deflected to West) which was considerably larger than the synchronous 
Antarctic disturbance. This later movement seems clearly represented at Alibag, 
Honolulu, Agincourt and Eskdalemuir. The following comparison of these later 
movements and those occurring between 6h. and 8h. seems of interest. The 
movement in either case was oscillatory, but during the whole or greater part of it 
the element diverged from its normal value in the direction indicated. 



Antarctic. 

Alibag. 

Honolulu. 

Agincourt. 

Eskdale- 

muir. 

Sitka. 


N' 

E' 

H 

H 

H 

J) 

N 

h‘ 

D 

Deflection, 6 h.~8 h 

+ 

-1- 

— 

— 

— 

w 

— 

+ 

E 

„ 12h.-16h. 

H- 

— 

— 

+ 

1 — 

w 

— 

— 

W 


Declination changes between 12 h. and 16 h. at Alibag and Honolulu and changes 
in E at Eskdalemuir were small and rather irregular. In the Antarctic the E' deflection 
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on. the second occasion was relatively trifling. At Alibag, Honolulu and Agincourt 
the movements between 12 h. and 16 h. were comparatively small, but their direction 
was not doubtful. At Eskdalemuir the amplitude of the later movement was about 
three-fourths that of the first. We have thus the interesting result that two 
elementary disturbances separated only by a few hours resembled one another at some 
stations, while at others they were more or less directly opposed. 

Section 112. — The disturbance of January 17, 1912, had an s.c. about 4h. 42 m., 
which has been already described. The subsequent disturbance was generally of a 
comparatively trifling character. At moat stations it seemed to have practically 
died out by 18 h. on the 17th, and several of the traces received stopped shortly after 
that hour. This partly led to the limitation here of the disturbance to the interval 
4h. to 18 h. 


Table OLXII. — 4 h. to 18 h. January 17, 1912. Plate LI. 


Station. 

Sloment. 

Time 

Maximum. 

5S of 

IVIinimum. 

Disturbance 

Kange. 

Inequality 

Range. 



h, 

in. 

h. 


y 

V 

Antarctic 

N' 

10 

26 

9 


147 

80 


E' 

11 

33 

16 


316 

71 


V 

17 

5 

10 


163 

67 

Mauritius 

H 

8 

20 

16 


60 

21 


D 

10 

36 

4 

60 

61 

33 

Buitenzorg 

N 

4 

65 

14 

60 


34 


E 


6 

4 

60 


27 



0 

10 

11 

66 


22 

Alibag 

n 

G 

66 

16 

66 

74 

26 


D 

10 

20 

7 

20 

26 

23 


V 

10 

6 

u 

6 

18 

22 

Honolulu 

H 

10 

12 

16 

13 

30 

12 


D 

15 

40 

17 

60 

14 

3 


V 

4 

60 

17 

46 

12 

3 

Helwan 

H 

7 

26 

16 

66 

48 

16 


B 

7 


11 

16 

29 

26 


V 

12 

36 

9 

26 

30 

14 

Agincotlrt 

H 

10 

60 

10 

10 

36 

10 


D 

12 

36 

10 

10 

63 

20 

Eskdalemuir 

N 

7 

20 

10 

36 

36 

9‘ 


E 

6 

36 

11 

26 

29 

16 


V 

16 

40 

9 

10 

11 

21 

Sitka 

H 

9 

47 


31 

49 

4 


D 

10 

39 

9 

43 

70 

6 


V 

16 

20 


33 

109 

4 
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In the Antarctic, taking into account the season of the year, the disturbance was 
by no means large. Except for a considerable movement in N' between 9 h. and 11 h., 
the disturbance was mainly confined to the hours 16|h. to 18 h. The disturbance 
did not subside in the Antarctic at 18 h., but what happened later in the day can best 
be treated separately. 

At Mauritius in the H trace a crest followed the s.c., the shortest estimate of its 
duration being 1 h. 50 m. There was a distinct hump (elevation in H) until 
about nil. 40m. The trace, in short, resembled the arch of a wide but 
rather low bridge. There were a few minor oscillations between 6h. and 10 h. 
The maximum in H was reached somewhat later than the usual hour, but the 
changes were generally similar to those occurring in the ordinary day, except that the 
range was fully double the normal. The changes in D were also of a fairly normal type. 
The extreme westerly position came somewhat late, and the subsequent swing to the 
East was a little larger than usual, but there was little in the appearance of the curve 
suggestive of disturbance. 

At Buitonzorg N had a large rise during the s.c. After that the general trend 
was downwards — ^the normal direction for that time of day— until the minimum was 
reached about 14 h. 50 m. The fall was broken only by minor oscillations. There 
was a rise in N from 15 h. to 18 h., as was normal for the time of day, again interrupted 
by minor oscillations. For at least 5 hours after 18 h. there were only trifling 
oscillations. The E trace showed only a few trifling oscillations. The V trace showed 
a sensible rise at the time of the s.c. and a few subsequent small oscillations. 

At Alibag the curves showed on the whole the changes natural to the time 
of day, with some minor oscillations superposed in’ the case of H. The rise in H 
continued for 2 hours after the s.c., and the subsequent fall went on to nearly 1(5 h., 
the ordinary time of the minimum. The range, however, was considerably enhanced, 
Neither the D nor the V trace showed any disturbance worth mentioning. 

At Honolulu after the s.c. there were some minor oscillations in H and V. But 
the chief movements in these elements, and they were not large, occurred between 
9^ h. and 11 1- h. They included a pretty smart rise in H and a slower fall, 
with a sensible oscillation in V. After the minimum at 16 h. 13 m. there was a 
moderate rise in H, as was normal at that time of day. Conditions were very quiet 
for some hours at least after 17 h. 

At Helwan all the traces showed minor irregularities for a few hours after the s.c. 
But after 12 h. they might be regarded as quiet, and they continued so throughout 
the rest of the 17th, and the early hours of tiie 18th. 

At Agincourt the s.c. was small, and during the next 4 hours there were only trifling 
oscillations. The only subsequent disturbance worth mentioning occurred between 
9h. 40 m., and 11 h. 30 m. After a slight fall H rose 36y between 10 h. 10 m. and 
10 h. 60 m., the rise being followed by a more gradual fall. D moved 11^' to West 
between 9h. 40 m. and 10 h. 10 m., and then 13' to East. After 12 h. there was no 
disturbance worth mentioning during the 17th. 
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At Eskdalemuir the s.c. itself was not large, and it was followed only by 
small oscillations. The chief signs of unrest were short-period oscillations in N, 
and to a less extent in E. They were most in evidence between 9 h. and 16 h. After 
18 h. conditions were at least as quiet as usual. The V trace was quiet throughout. 

At Sitka the s.c. was followed only by minor oscillations, chiefly of short period, 
until 9h. 30 m. Between that hour and 12 h. there were considerably larger 
oscillations in H and D, the range in the latter element being considerably the larger. 

In H a sharp rise was followed by a larger but interrupted fall. In D between 
9 h. 30 m. and 10 h. 40 m. there was the following double oscillation : 7' W, 9' E, 5 ' W 
and 12' E. The largest movement occurred in V. Between 9 h. 46 m. and 10 h. 20 m. 
the element feU OTy, the greater part of the fall occurring in the first 16 minutes. 
After the minimum at 10 h. 33 m. V rose rapidly at first, and continued to rise at a 
diminiflhin g rate durmg the next hours. The V disturbance at Sitka appeared 
to be of the type customary at that station during the short-period disturbances already 
discussed. From 12 h. to 18 h., when the record ceased, there were only minor 
oscillations. 

January 17, 1912, was an example of an s.c., everywhere recognisable though 
not large, which was not followed during the next 12 hours by anything worth calling 
a magnetic storm. There was only a short-period disturbance, commencing about 
6 hours after the s.c., and lasting only about 2 hours. The short-period disturbance, 
moreover, while fairly prominent in the Antarctic and at Honolulu, Agincourt and 
especially at Sitka, was but slightly represented at Buitenzorg and Eskdalemuir. At 
some stations, including Buitenzorg, Alibag and Helwan, the principal phenomenon 
was an increased amplitude in the normal diurnal changes. 

The Antarctic differed from all the other stations which contributed records in 
having a large disturbance which commenced after 16 h. on the 17th and continued 
until 2h. or 3 h. on the 18th. Between 18 h. on the 17th and 3 h. on the 18th, the 
ranges were 194y in N', 282y in E' and 165y in V. All the Antarctic traces showed 
a large oscillation between 22 h. on the 17th and 1 h. on the 18th and numerous 
considerable but smaller oscillations, extending from 16 h. to 21 h. on the 17th. 

At Mauritius and Honolulu information subsequent to 18 h. on the 17th was 
limited to the two hours, 18 h. to 20 h., the traces for which were normally quiet. At 
Buitenzorg, Alibag (H), Helwan, Agincourt and Eskdalemuir between 18 h. on the 
17th and 2h. on the 18th conditions were at least as quiet as usual. Some of the 
curves, in fact, were unusually quiet. Thus we have on this occasion a large Antarctic 
disturbance accompanied by ordinarily quiet conditions over at least a large portion 
of the earth. 

Section 113. — The disturbance of March 21-22, 1912, was not a very large one, 
and the records obtained of it were somewhat scanty. Curves were not received from 
Honolulu or Sitka, but the official publications supplied a certain amoimt of information 
which has been included in Table CLXIII, as it suffices to show that appreciable 
disturbance prevailed. 
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In the Antarctic between 23h. 15ni. on the 21st and 3h. 15 m. on the 22nd 
there was a large fall and rise in N'. During these movements there were smaller 
oscillations in E'. The largest movements in V occurred earlier, between 21ih. 
and 23|- h. on the 21st. 


Table CLXIII. — 20 h. March 21 to 5 h. March 22, 1912. Plate LI. 


Station. 

Blomont. 

Tim 

Maximum. 

9S of 

Minimum. 

Disturbance 

Eango. 

Inequality 

Range. 



h. 

in. 

h. 

m. 

y 

y 

Antarctic 

N' 

20 

0 ( 2 i 8 i.) 

1 

do (22u(l) 

307 

36 


JS' 

4: 

30 (22nd) 

23 

4 (21st) 

176 

57 


V 

23 

16 (2lBt) 

22 

6 (2lBt) 

81 

22 

Mauritius 

H 

2 

10 (22iid) 

21 

26 (21st) 

21 

10 


D 

1 

46 (22nd) 

4 

26 (22nd) 

26 

21 

Buitenzorg 

N 

21 

6 (21st) 

1 

36 (22nd) 

26 

28 


E 

20 

40 (21st) 

1 

6 (22nd) 

22 

30 

Alibag 

H 

20 

66 (21 St) 

1 

30 (22nd) 

22 

40 

Honolulu 

H 

22 

28 (21st) 

1 

68 (22nd) 

68 

12 


D 

19 

69 (21»t) 

0 

32 (22nd) 

66 

38 

Agincourt 

II 

20 

20 (2lHt) 

1 

65 (22nd) 

66 

7 


D 

1 

30 (22nd) 

20 

0 (2l8t) 

116 

22 

Eskdalemuir 

N 

0 

7 (22nd) 

1 

.30 (22nd) 

64 

4 


E 

0 

62 (22nd) 

20 

20 (21st) 

93 

6 


V 

21 

30 (21 st) 

2 

0 (22nd) 

69 

20 

Sitka 

H 


‘i 


V 

<69 >41 

22 


D 


'i 

1 

26 ( 22 nd) 

> 83 

23 


V 

I 

60 (22nd) 


1. 

<87 >74 

9 


At Mauritius between 20 h. 20 m. and 21 h. 26 m. there was a symmetrical rise 
and fall of H, each about lOy. Between 0 h. and 3 h. on the 22nd there were slow 
oscillations in H, and between 1 h. 25 m. and 2 h. 30 m. the element rose 16y and fell 
87. The D trace exhibited little disturbance. The swing to the West after 2 h. was 
practically that normal to the time of day. 

At Buitenzorg there was considerably more disturbance in N than the range 
suggests. It was, however, of an irregular character. The E trace also was 
decidedly not regular, and showed a good many small oscillations. 

At Alibag, H showed a small rise and fall between 20 h. and 2l| h. on the 21st> 
and a small fall and rise between 0 h. 30 m., and 2 h. on the ^2nd. 

The maximum and minimum and the hourly values in the Honolulu ofEcial 
publication showed that the disturbing forces there in the horizontal plane were 
considerably in excess of those at Buitenzorg and Alibag. 
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The Agincouxt H trace showed a persistent disturbance, commencing with a 
rise about 19 h. 25 m., and continuing until 6 h. on the 22nd. Between Oh. and 3 h. 
on the 22nd, H was sensibly depressed. The Agincourt D trace was practically quiet 
tmtil the end of the 2l8t, but there were sharp movements between 1 h. and 2 h. 20 m. 
on the 22nd, consisting of a westerly movement of 6', an easterly movement of 18'^ 
and a slower westerly movement of 14|'. There were subsequent smaller movements 
imtil nearly 6 h. on the 22nd. 

At Eslcdalemuir N was decidedly disturbed between 21 h. on the 21st, and 3 h. 
on the 22nd. There was a bay (depression) between 21 h. and 22 h. on the 2l8t, 
and considerable oscillations between 1 h. and 2 h. 30 m. on the 22nd. The disturbance 
in E was larger than in N. There was a pretty deep bay (algebraic rise in E) between 
20 h. 20 m. and 21 h. 30 m. The largest movements occurred between 23 h. 50 m. 
on the 21st, and 2 h. 20 m. on the 22nd. During this time the numerical value of the 
element fell 86y, rose 86y, and fell 44y. V at Eslcdalemuir was slightly elevated 
at 21 h. on the 21st. But a decided fall set in after 23 h. and continued until 2h. 
on the 22nd, when recovery commenced. The early morning depression was very 
considerable, having regard to the comparatively small amplitude of the horizontal 
disturbing forces. 

The data in the Sitka official publication show that the disturbance there was 
considerable in D and V. 

The phenomena observed on March 21-22, show a marked contrast to those 
described on January 17. On the earlier occasion there was considerable disturbance 
in the Antarctic near 24 h. G.M.T., which was practically not represented elsewhere. 
On the later occasion there was again considerable disturbance in the Antarctic near 
24 h., but there was also very appreciable disturbance all over the world, especially 
at the more northern stations. Moreover V, which is usually a quiet element, was 
decidedly disturbed at Eskdalemuir and Sitka. 

Section 114. — In the Antarctic the earlier part of April 5 showed an average 
amount of disturbance. The N' trace showed a nearly uninterrupted fall (numerical 
increase) for the 3j hours ending at 0 h. 45 m. on the 6th, and a corresponding nearly 
steady rise during the next 2j hours. 

About 18 h. on the 5th, a fall commenced in E' which continued almost without 
interruption until 20j h. From 0 h. to 2 h. 45 m. on the 6th, there was a corresponding 
almost uninterrupted rise. A considerable oscillation intervened between the two 
movements. The disturbance in V was considerably less than in the other elements. 
The general tendency was up the sheet (numerical fall) \mtil 21 Jh. on the 6th, the 
subsequent movement down the sheet being slow. The subsidence of the disturbance 
in the Antarctic was rapid, and its conclusion unusually well marked, the traces 
being exceptionally quiet from 6 h. to 11 h. on the 6th. 

At Mauritius the H trace shows an uninterrupted but slow rise to a crest at about 
20 h. 20 m. on April 6, followed by a sharp fall to the TniniTumm at about 21 h. 35 m. 
There then ensued another uninterrupted rise to the maximum at 24 h. 0 m., followed 
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by a fall of 16y in 40 minutes, and subsequent slight fall until about 3h. on the 6th. 
The general appearance of the curve is that of two long waves, with crests at about 
20 h. 20 m. and 24 h. 0 m. on the 5th. The I) trace is also undulatory, the turning 
points corresponding to extreme westerly positions falling at about 20 h. 26 m. and 
23 h. 0 m. on the 6th, and 2 h. 0 m. on the 6th, while those corresponding, to extreme 
easterly positions fell about 22 h. 20 in. on the 5th, and 0 h. 60 m. and 3 h. 30 m. on 
the 6th. On the normal April day, declination is practically constant from 22 h. to 
3 h., so the above tmdulations, though not large, clearly represent disturbance. 

Table CLXIV. — 18 h. April 6 to 6 h. April 6, 1912. Plate LI. 


Station. 

Blomont. 

Tim^ 

Maximum. 

OR of 

Minimum. 

1 

DiHburbauoc 

Range. 

Inequality 

Range, 



h. 

111. 

h. 

m. 

V 

V 

Antarctic 

N' 

18 

46 (5th) 

0 

46 (6th) 

208 

39 


IS' 

2 

40 (6th) 

20 

38 (6th) 

311 

48 


V 

21 

29 (6th) 

C 

0 (6th) 

101 

18 

Mauritius 

H 

0 

0 (6th) 

21 

36 (6th) 

34 

17 


D 

3 

30 (6th) 

20 

26 (6t]i) 

28 

18 

Buitenzorg 

N 

20 

30 (6th) 

22 

25 (6th) 

43 

31 

E 

23 

60 (6tb) 

2 

36 (6th) 

40 

13 


V 

D 

0 (Oth) 

1 

0 (6th) 

28 

17 

Alibag 

H 

20 

30 (6th) 

3 

0 (6th) 

42 

41 

Honolulu 

H 


'i 

0 

47 (6th) 

42 < 67 

18 

1 

D 

18 

66 (6th) 

0 

36 (6th) 

67 

42 


V 

18 

66 (6th) 

21 

26 (6th) 

24 

23 

Agincourt 

H 

22 

60 (6th) 

1 

20 (6th) 

67 

14 

D 

0 

20 (6th) 

20 

36 (6th) 

106 

33 

Eskdalemuir 

N 

19 

46 (6th) 1 

0 

29 (6th) 

74 

8 


E 

0 

2 (6th) 

18 

0 (6th) 

125 

12 


V 

20 

16 (6th) 

0 

41 (6th) 

63 

26 

Sitka 

H 

0 

67 (6th) 

9 . 

20 

31 (6th) 

119 

22 


D 


1 

46 (6th) 

9 

.-'111 <119 

46 


V 

1 

42 ’(6th) 


>134 <184 

12 


At Buitenzorg the largest movements in N were a rise of 37y between 19h. 6 m. 
and 20 h. 30 m., and fall of 43y during the next two hours. A considerable fall in E 
occurred between 0 h. and 2 h. on the 6th, and synchronous with it was a well marked 
bay in the V trace. 

At Alibag the H trace showed two considerable wave-like oscillations, the rise 
coming first in both. The crests appeared at about 20 h. 30 m. and 24 h. 0 m. on the 
6th, hours at which the element is normally below its mean. In this case, any 
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comparison limited to tlie amplitudes of the disturbance and normal ranges would be 
quite misleading. 

No trace was received from Honolulu, the data in Table CLXIV being derived 
exclusively from the official publication. Clearly the disturbance there was similar 
in size to that at Buitenzorg and Alibag. 

The Agincourt H and D traces both show very considerable but irregular 
disturbance. In H it persisted without cessation from about 18-|h. on the 5th until 
nearly 4 h. on the 6th. H was decidedly depressed for three hours after 23 h. on 
the 6th. In D disturbance was hardly apparent until 22 h. on the 6th, and it ceased 
almost abruptly at 4 h. on the 6th. As in the Antarctic, the disturbance was followed 
by a conspicuously quiet time, which lasted for a good many hours. 

At Bskdalemuir N was very sensibly disturbed on the 5th during the earlier part 
of the afternoon ; and whilst it was nearly quiet for a short time near 18 h., the 
Bskdalemuir curves alone would not have suggested making a separation between 
the disturbance before and after that hour. The largest N movements were a nearly 
uninterrupted fall of 57y between 19 h. 46 m. and 20 h. 46 m. on the 5th, and an 
oscillation between 23 h. 10 m. on the 6th, and 0 h. 30 m. on the 6th. The B trace 
showed only small movements until 18 h. 55 m., when a numerical fall began which 
continued almost without interruption until 20 h. 40 m., the total fall amounting 
to 108y. A numerical rise of 79y ensued in the course of the next 45 minutes. 
Between 22 h. 66 m. on the 6th and 0 h. 5 m. on the 6th, there was a second largo, 
numerical fall of 96y. The value of V was slightly enhanced prior to 18 h. on the 
6th. The principal movement was a sharp faU between 23 h, 40 m. on tlie 6th, and 
0 h. 41 m. on the 6th, followed by a gradual recovery. The traces were all very quiet 
for several hours after 4 h. on the 6th. 

No traces were received from Sitka. The data in Table CLXIV were derived 
entirely from the official publication. Obviously the disturbance was larger in V 
than in H or D, and the range in V considerably exceeded that in the Antai'otic. The 
disturbance in the horizontal plane would seem to have been much loss than in the 
Antarctic, but fairly similar to the disturbance in D at Agincourt and in E 
at Bskdalemuir. 

The disturbance of April 6-6 was unusually sharply defined as regards its 
termination, a markedly quiet time setting in somewhat suddenly at all the stations, 
the Antarctic included. The disturbance was characterised rather by the persistence 
in direction of moderately rapid movements than by the presence of any ( 5 on 8 piouous 
short-period oscillations. It was clearly of general incidence, and the time.s 
of the largest movements were roughly the same at the different stations. The 
Bast-West component was on the whole considerably more disturbed than the North- 
South. The disturbance in V increased relative to the disturbance in the horizontal 
plane in passing from South to North. 

Section 116 —The disturbance of April 10, 1912, was of short duration. 

In the Antarctic the earlier part of the day contained many comparatively short- 
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period oscillations in all three elements. The largest movement shown was in N'. 
It consisted of a rise (numerical fall) from 8h. 10 m. to the maximum at 9h. 24 m., 
and a subsequent nearly equal fall until 11 h. After this the element became as 
quiet as usual. In E' there was a considerable rise and fall, corresponding roughly 
in time with the rise and fall in N', but not so large either absolutely or by comparison 
with the previous movements. The chief movements in V were a fall between 
8h. and 10 h., and a subsequent rise. 


Table OLXV.— 6 h. to 12 h. April 10, 1912. Plate LII. 


Station. 

Elomont. 

Time 

Maximum. 

of 

Minimum. 

Disturbance 

Ilange. 

Inequality 

Bango. 



h. 

m. 

h. 

m. 

Y 

Y 

Antarctic 

N' 

9 

24 

6 

0 

228 

34 


E' 

9 

50 

11 

10 

162 

29 


V 

() 

16 

10 

3 

131 

19 

Mauritius 

H 

8 

10 

9 

55 

66 

19 


D 

9 

40 

6 

0 

66 

32 

Buiteiizorg ... 

N 

{) 

0 

9 

66 

88 

29 

E 

() 

0 

11 

30 

28 

10 


V 

0 

0 

10 

0 

36 

18 

Alibag 

H 

8 

6 

9 

66 

64 

39 

D 

0 

0 

8 

10 

22 

25 


V 

11 

60 

G 

30 

36 

29 

Honolulu 

11 

t) 

25 

() 

53 

30 

2 


D 

9 

10 

c 

16 

17 

3 


V 

9 

0 

4 

60 

9 

i 

Agiucourt 

l-I 

10 

40 

9 

0 

49 

3 

D 

6 

0 

9 

25 

122 

10 

IHskdalomuir 

N 

8 

15 

9 

36 

80 

33 


E 

7 

67 

10 

0 

38 

29 


V 

11 

20 

8 

16 

8 

5 

Sitka 

H 

8 

69 

9 

61 

161 

8 


D 

9 

68 

6 

10 

108 

5 


V 

7 

0 

9 

46 

245 

6 


The Mauritius H trace shows a deep bay (depression) between 8 h. 10 m. and 
12 h. The decline after 8h. 10 m. was at first extremely rapid, a fall of 18y appearing 
to be nearly instantaneous. The rise after the minimum at 9h. 66 m. until 12 h. 
amounted to 26y, the recovery being by no means complete. In D there was a 
gradual easterly movement, 8' in all, between 6 h. 0 m. and 9 h. 40 m., followed 
between 9 h. 40 m. and 12 h. 0 m. by a gradual westerly movement of 2|•^ These 
changes are both in the direction to be expected at the hour, but the former 
is considerably larger than the normal diurnal change. 
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At Buitenzorg there was a conspicuous bay in the N curve, there being an almost 
uninterrupted fall from 7 h. 30 m. until the minimum at 9 h. 65 m., but the faU ceased 
to be rapid after 9 h. The recovery was at first very rapid, but soon became slower^ 
Disturbance was visible in E, but it was not large. The V trace showed a bay, 
corresponding fairly in time with that in N, but much shallower. 

At Alibag there was a considerable fall in H between 8 h. and 9 h. 55 m., when 
the TniTiiTmim occurred ; it was most rapid between 8 h. 20 m. and 9 h. 10 m. The 
recovery was fairly rapid for the first 16 minutes, but then became very slow. There 
was little apparent disturbance in D or V. 

At Honolulu the only conspicuously disturbed feature was a hump in H between 
7jh. and 9jh. Durii^ its occurrence H was enhanced, not depressed like H at 
Alibag or N at Buitenzorg. The D trace was generally smooth, but showed decided 
dimples between 5|-h. and lOjh. During their occurrence the needle was to the East 
of its normal position. The V trace showed a decided bay (element numerically 
enhanced) between 8|- h. and 9 J h. 

At Agincourt there were a good many minor oscillations in the H trace between 
6 h. and 12 h., just as there had been earlier in the day. The most noteworthy feature 
was a considerable bay (depression) between 8h. and 10 h. In D the disturbance 
was much larger. The trace, which had been very quiet during the early mornmg 
of the 10th, became slightly • oscillatory shortly after 4h., and remained so until 
8 h. 16 m., when a decided westerly movement began which continued until 9 h. 26 m. 
The time of most rapid movement was from 8 h. 36 m. to 9 h. 10 m. The total 
amplitude of the westerly movement was 24'. After 9h. 26 m. an easterly movement 
began which continued until 12 h. ; it amounted to 21'. 

At Eskdalemuir the N trace was unquiet throughout the earlier part of April 10. 
From 6 h. to 8 h. there were niunerous very short-period oscillations. Between 
8 h. 15 m. and 9 h. 5 m. there was a nearly imiform downward slope on the trace, the 
fall amounting to 52y. Subsequently until nearly 12 h. there were numerous short- 
period oscillations. The disturbance in E was a good deal smaller. The largest 
movement was an algebraic fall of 29y between 9h. 30 m. and 10 h. 'fhe V trace, 
except for a slight dip just after 8 h., was practically quiet. 

At Sitka the traces showed some minor oscillations, but no movement of any size 
until after 8 h. The first considerable movement in H was a rise of 69y commencing 
about 8h. 30 m. After some minor oscillations there occurred a fall of 87y in 16 
minutes, commencing about 8 h. 66 m. In the course of 36 minutes there was a fall 
of 98>' and rise of 102y, the turning point occurring at 9 h. 51 m. After 12 h. there 
were only small oscillations. The D movements, though smaller, were also 
considerable, but somewhat irregular. The needle was on the whole displaced to 
the East of its normal position. The largest movements occurred between 8 h. 20 m. 
and 11 h. 16 m. The most prominent was an oscillation between 9h. 50 m. and 
10 h. 30 m., which included an easterly swing of 20' followed by a westerly swing of 
16'. The V movements were larger, and much more symmetrical than those in the 
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horizontal components. There was a large hump on the trace (depression of V) 
extending from about 7|-h. to 13h. ; but the rate of change was slow until after 8h. 
and again after 12 h., and comparatively slow after 11 h. The hump was not perfectly 
symmetrical, there being two summits, the second the liigher. The rise to the first 
summit was on the whole faster than the final fall. The rise in the trace (fall in V) 
was most rapid between 8 h. 50 m. and 9 h. 20 m. The hump was very similar in 
appearance to that described at Sitka on several previous occasions. After 12 h. for 
several hours the curves showed only small oscillations, mostly of short period, being 
almost normally quiet for Sitka. 

The disturbance on April 10, 1912, was of comparatively short duration, and 
at most stations it was preceded and followed by much quieter times. It was only 
of moderate amplitude, but some rather noteworthy differences presented themselves 
between the different stations. At most, including the Antarctic, the disturbance was 
greater in H (or N) than in D (or E), but to this Agincourt was a remarkable exception. 
At most stations (including. Mauritius, Buitenzorg, Alibag, Agincourt, Eskdalemuir 
and on the whole Sitka) H (or N) was depressed, but at Etonolulu it was elevated. At 
moat stations, including the Antarctic, the range in V was less— usually much less— than 
the range in H (or N), but at Sitka it was considerably larger. 

Section 116. — In the Antarctic conditions had been normally quiet for some hours 
prior to 1 h. on April 15, 1912. The first indication of disturbance was a fall in N' 
commencing about 1 h. 40 m. It was interrupted by short-period oscillations but 
continued until nearly 5 h., the natural time of the daily minimum (maximum in S'). 
A reverse movement then set in and continued with minor interruptions until after 
11 h., or about the natural time of the daily maximum. Between 11 h. 16 m. and 14 h. , 
there was a considerable fall in N', which brought the trace back to about its normal 
level. The general trend in the E' trace was a rise to about 7 h., the time of the ordinary 
maximum, followed by a fall to about 12 h. There were numerous short-period 
oscillations, and after 10 h. there were two or three larger oscillations of longer period. 
The V trace exhibited numerous short-period oscillations. The largest single 
movement was comparatively trifling, being a fall of about 36y between 12 h. 45 min. 
and 13 h. The general trend of the V trace was downwards {i.e., numerical rise) from 
2h.40m. to 8h. What the Antarctic curves as a whole suggested was not so much 
a disturbance as an amplification of the ordinary regular diurnal variation throughout 
the time considered. 

At Mauritius the H trace showed some slow oscillations after 2h. The fall from 
the tTinxiTmim to the minimum was considerable, but at no time rapid ; it was 
interrupted by some minor oscillations. Between 11 h. 20 m. and 14 h. there was a 
rise of 27y, leaving the element still considerably depressed. The D trace was shghtly 
undulatory. Between 2h. and 3h. there was an easterly movement of about 2^', and 
again between lOjh. and 11 h. an easterly movement of about 1^', while the natural 
direction of movement at both hours is westerly. On the other hand, between 7h. 
and 8^h. there was an easterly movement of about 2|:', agreemg this time with the 
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normal direction of ctange. Thns at Mauritius the natural diurnal variation sometimes 
assisted and sometimes opposed the influence of disturbance on the declination. 

At Buitenzorg the N trace showed a fall between 3 h. 40 m. and 8 h. 40 m., 
interrupted only by numerous small short-period oscillations. Leaving these out of 
account, the slope downwards of the trace during these five hours was not far from 
uniform. After 9h. 20 m. the general trend of the trace was upwards, but the rise 
was interrupted by a fall of 27y between 10 h. 40 m. and 11 h. 10 m. The E trace 
showed a nearly continuous rise, interrupted only by some small oscillations, from 
a httle after 2 h. (the ordinary time of minimum) until after 8 h. (near the ordinary time 
of maximum). The rise was followed by a nearly uninterrupted fall. It was hardly 
a case of disturbance, but rather of amplification of the natural diurnal changes. The 
V trace showed a gradual rise (numerical fall) from 1 h. to 4 h., with subsequent reverse 
movement from 4 h. to 10 h. The change in V, like that in E, represented enhancement 
of the natural diurnal changes. 


Table CLXVI. — 1 h. to 14 h. April 16, 1912. Plate LII. 


Station. 

Element. 

Times of 

Disturbance 

Range. 

Inequality 

Range. 

Maximum. 

Minimum. 



k. m. 

h. 

m. 

y 

y • 

Antarctic 

N' 

11 16 

4 

26 

207 

48 


E' 

7 24 

11 

40 

248 

31 


V 

2 40 

8 

0 

139 

33 

Mauritius 

H 

6 30 

11 

20 

70 

21 


D 

8 30 

1 

0 

24 

32 

Buitenisorg 

N 

2 50 

9 

20 

166 

41 


E 

8 20 

2 

6 

46 

26 


V 

3 60 

9 

36 

42 

22 

Alibag 

H 

5 36 

11 

20 

94 

47 

Honolijlu 

H 


8 

21 

>102 

16 


D 

9 20 


? 

> 26 

19 


V 

9 5 


? 

> 26 

.9 

Holwan 

H 

3 35 

11 

10 

66 

30 


D 

6 10 

10 

0 

63 

45 

Agincourt 

H 

1 55 

8 

35 

147 

19 


D 

3 0 

9 

10 

134 

21 

Eskdalemuir 

N 

6 19 

11 

23 

123 

34 


B 

4 0 

12 

50 

69 

41 


V 

14 0 

6 

19 

46 

9 

Sitka 

H 

6 62 

11 

22 

599 

13 


D 

9 10 

7 

13 

291 

28 


V 

6 46 

11 

24 

610 

9 
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At Alibag the natural change in H is a fall from a little before 6 h. until 16 h. On 
the present occasion the fall set in about the usual time but proceeded at a considerably 
greater rate than usual, reaching a minimum considerably lower than usual about 
11 h. 20 m. Tt was roughly a case of doing double the normal fall in half the ordinary 
time. After 11 h. 20 m. a recovery set in which, though fairly rapid for the first 20 
minutes, was on the whole a good deal more gradual than the fall, the element remaining 
sensibly depressed until at least 20 h. 

The trace received from Honolulu commenced about 3h. 40 m., but apparently 
did not show the full range in any of the elements, the maximum in H and the minima 
in D and V occurring earlier. Thus Table CLXVI contains only an approximation to 
the ranges, derived from the data in the official publication. During the time covered 
by the trace received, the principal movements were a slightly interrupted fall and rise 
in H, the minimum appearing at 8h.21m., and the rise ending about 11 h. 20 m. 
After this hour the H trace showed only some small oscillations. The daily minimmn 
in H is but poorly marked at Honolulu, so that all that can be said is that on April 15 
the minimum occurred at an hour when values near the minimum are normally recorded. 
The D and V traces at Honolulu contained some undulatory movements of no great 
size. 

At Helwan H rose about 20y between 2 h. 36 m. and 3 h. 36 m. After that the 
general trend was a fall to the minimum at 11 h. 10 ni., but the slope of the curve was 
never steep, and there were temporary recoveries. The minimum occurred about the 
ordinary hour of the maximum. 'Phus the disturbance was opposed by the natural 
diurnal change, which presumably explains the (somparatively small amplitude of the 
range. The D trace appeared almost normal. The V trace was too faint for satisfactory 
measurement, but apparently was but little disturbed. 

At Aginconrt conditions were quiet from 23 h. on the 14th until 2 h. on the 15th. 
At 2 li. H began to fall pretty rapidly, and the fall continued until nearly 4 h. There 
then ensued a series of undulations with shorter period oscillations superposed, the 
general trend continuing downwards until the Tuinimum was reached at 8 h. 36 m. A 
rapid recovery then set in. Between 8 h. 5 m. and 9 h. 0 m. there was a fall of 70y 
and rise of 89y. After the minimum at 8h. 36 m. the general trend of the curve was 
upwards until 13 li., but there were no large movements after 11 h. The D trace was 
quiet until 2 h. Between 2 h. 40 m. and 9 h. 16 m. there was a succession of slow 
undulatory movements 16|-' E., 21f' W., 21' E., 20' W., 20 ^' E., 28^' W. and 16j' E., 
with shorter period oscillations superposed on them. Subsequently there were no large 
movements, but shorter period oscillations continued until 16 h. 

At Eskdalemuir conditions were normally quiet from 23 h. on the 14th until 
nearly 3h. on the 15th. Between 3h. 10 m. and 4h. 26 m. N. rose 26y and fell 35y. 
Between 4h. 26 m. and 6h. 19 m. it rose 49y. From 6h. 19 m. to 6h. 30 m. there 
was a fall, interrupted by minor oscillations, which amounted in all to 106y. 
Subsequently there were very numerous and not inconsiderable short-period oscillations, 
which continued until the early hours of the 16th. They showed, in fact, no marked 



tendency to diTniniah until 18 h. on the 16th. The E trace was practically quiet until 
2 h. 46 m. From then to 4 h. 60 m. it executed three considerable movements, a fall 
of 26y (numerical rise), a rise of 67y and a fall of 07y. No subsequent movement 
approached the last oscillation in size, but oscillations of short period continued until 
18 h. A distinct fall began in V after 2h. 80 m., but it was interrupted by a slight 
rise between 3 h. 60 m. and 4 h. 30 m. Thereafter the fall was resumed until 6 h. 19 m. 
From 6h. to 14h. there was a very gradual rise. 

At Sitka the disturbance was a very lively one. The trace received did not begin 
until 2h. 20 m., but conditions then and for the next half-hour were quiet, except for 
small short-period oscillations. Conditions had become decidedly more disturbed by 
3h. Larger movements set in about 6h. 40 m., and conditions from then until 12 h. 
were very highly disturbed, there being numerous large oscillatory changes in aU the 
elements. After 12 h. there was a rapid decline in disturbance, but minor short-period 
oscillations continued for some hours after 14 h. The general trend of the H trace 
was downwards from the maximum at 6h. 62 m. to the minimum at 11 h. 22 m., but 
the fall was interrupted by many large oscillations. The recovery after the minimum 
was at first very rapid. In the first 20 minutes there was a rise of 231 y. The depression 
remaining after 14 h. was comparatively small. The disturbance in D was smaller 
than in the other elements, and its general trend less decided. Between 7 h. 0 m. and 
7 h. 30 m. there was an oscUlatory movement 33' West followed by 39' East. Between 
10 h. 36 m. and 11 h. 26 m. there was another large pair of movements 37' to West 
and 45' to East, a quiet interval of some eight minutes separating them. In V the 
general trend was a rise, in all about 227y, between 3 h. and the maximum at 6 h. 46 m., 
and then a fall. At 9h. 36 m. the fall since the maximum amounted to 446y. 
Both the rise and the fall were interrupted by oscillations, but these were neither so 
large nor so numerous as in the case of H. From 9h. 36 m. until 10 h. 46 m., V on 
the whole rose decidedly ; but between 10 h. 46 m. and 11 h. 24 m. there was a further 
fall of 164y. After the minimum at 11 h. 24 m. V rose almost uninterruptedly until 
14 h., the rise amounting to 264y. There was a further rise between 14 h. and 17 h. 
but only about 26y in all. The disturbance at Sitka centred about local midnight, 
an hour when the normal diurnal changes are very small. 

In the storm of April 16 there was a marked contrast between the phenomena 
at the southern stations, including the Antarctic, and at the northern. In the southern 
stations the range was considerable, but the movements were on the whole comparatively 
slow and regular, more like an enhancement of the normal diurnal changes than 
anything else. At Agincourt and Eskdalemuir, however, and still more at Sitka, the 
changes were abrupt and irregular, and in every way indicative of disturbance. 
Except at Sitka the range of the vertical force was trifling, but there it was very 
large, being nearly four times as large as in the Antarctic. The contrast between the 
V changes at Eskdalemuir and Sitka, stations differing only 11° m latitude, is truly 
remarkable. 

Section 117. — On May 12-13, 1912, there was a disturbed time during which there 
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were considerably quieter interludes of some duration. It has seemed best to discuss 
three separate parts of the disturbance separately, the first including 0h.-14h. on 
the 12th. 


Table CLXVII.— Oh. to 14 h. May 12, 1912. Plate LII. 


Station. 

Element. 

Times of 

Bisturbonoo 

Bange. 

Inequality 

Range. 

Maximum. 

Minimum. 



h. m. 

h. 

m. 

Y 

y 

Antarctic 

N' 

11 26 

3 

33 

300 

47 


E' 

7 37 

11 

12 

226 

34 


V 

2 10 

8 

6 

116 

32 

Mauritius 

H 

2 46 

11 

40 

60 

20 


D 

3 16 

8 

16 

26 

28 

Buitenzorg 

N 

2 6 

11 

6 

106 

42 


B ■ 

7 60 

4 

20 

28 

22 


V 

3 60 

11 

26 

22 

19 

Alibag 

H 

3 40 

13 

10 

69 

39 

Honolulu 

H 

1 32? 

6 

68 

<1:83 <92 

11 


D 


2 


>26 

20 


V 

7' 34 

0 

32? 

-|;22<34 

8 

Agincourt 

H 

1 36 

3 

40 

67 

16 - 


D 

6 60 

7 

36 

202 

23 

Eskdalemuir 

N 

3 40 

11 

22 

109 

35 


B 

4 16 

13 

50 

98 

40 


V 

14 0 

3 

67 

34 

9 

Sitka 

H 

6 40 

7 

42 

144 

20 


D 

7 32 

3 

69 

197 

37 


V 

6 64 

11 

40 

266 

12 


In the Antarctic the disturbance bore a considerable resemblance to that on 
April 16, 1912, during the same part of the day. On comparing Tables OLXVI and 
CLXVII it will be seen that corresponding maxima and minima appear at hours which 
do not differ much. On May 12, as on April 16, the disturbance was largely represented 
by an enhancement of the normal diurnal variation. The N' trace was more disturbed 
than the others. Its trend was on the whole downwards from Oh. to the minimum 
at 3 h. 33 m., but the fall was interrupted by considerable oscillations. After the 
minimum the general tendency was a rise until 7jh., a fall until 8jh., a nearly level 
portion, a rise to the maximum at 11 h. 26 m., and a considerable subsequent fall. 
After 14 h. the trace was much quieter for some hours. The E' trace showed a gradual 
rise, interrupted by numerous minor oscillations, until the maximum at 7 h. 37 m. 
This was followed during the next 46 minutes by a fall of 139y. Between lOh. 6 m. 
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and 12 h. there was a fall of HSy and a rise of 84y, the latter occurring after the 
minimum was reached. V was hardly disturbed until after 2 h. From the maximum 
at 2h. 10 m. to the miniTmiTn at 8h. 6 m. there was a gradual fall, interrupted only 
by small oscillations. A sensible rise ensued during the first hour after the minimum. 
The subsequent changes were not striking. 

At Mauritius after 0 h. H increased, with one slight interruption, to the maximum 
at 2h. 46 m., and then fell with one or two slight interruptions until after 8h. After 
a slight rise between 8h. 16 m. and 9h. 20 m., the faU was resumed until the 
minimum was reached at llh. 40 m. The time of maximum somewhat precedes that 
of the normal diurnal variation, but the changes agree generally in direction with those 
customary at the hour, only the range is about thrice the normal. The D trace gave 
but slight indication of disturbance, and the range did not exceed that of the 
average day. 

At Buitenzorg the disturbance was mainly confined to N. The N trace showed 
a large number of short-period oscillations, and some longer period oscillations of no 
great size. On the whole the movements represented merely an enhancement of the 
regular diurnal variation. 

At Alibag the H trace showed a few small oscillations after 2 h. Its main feature 
was a nearly unbroken fall from 6|h. to the minimum at 13 h. 10 m. There was a 
pretty smart recovery during the fi-rst half-hour after the minimum. The curve was 
practically quiet from 12 h. to 16 h. 

No trace was received from Honolulu, but the data in the official publication 
supplied information which has been included in Table CLXVIT. There was obviously 
a fair disturbance there in H, the range exceeding that at Mauritius or Alibag. The 
V trace must have been sensibly disturbed as well. 

At Agincourt the H trace had shown minor oscillations since 19 h. on the 11th, 
but became more disturbed after 1 h. on the 12th. The largest movements occurred 
between 3 h. and 8 h. They included a fall of 60y and rise of 40y between 3 h. 6 m. 
and 4h. 10 m., a rise of 40y and fall of 45y between 6h. 40 m. and 6h.20m., and a 
rise of 46y between 6 h. 56 m. and 7 h. 40 m. Shorter period oscillations continued 
after 8 h., but there were no large movements. H was normally quiet for, several 
hours after 12 h. The D trace was very quiet during the afternoon of the 11th, and 
showed no considerable movement until after 2h. on the 12th. Between 3h. and 9h. 
there were some considerable movements, larger decidedly than the movements then 
proceeding in H. Between 4h. 10 m. and 4h. 60 m. there were movements of 13' to 
the West and 9' to the East ; between 6 h. 20 m. and 6 h. 15 m., 20' to the East and 17' 
to the West ; and between 6h. 26 m. and 8h. 16 m., 29|' to the West and 16' to the 
East. After 11 h. D was normally quiet for a number of hours. 

At Eskdalemuir the N trace on the afternoon of May 11 showed a considerable 
amount of minor disturbance, which would not naturally be separated from the larger 
disturbance on the 12th, though the first two hours of that day were comparatively 
quiet. The disturbance in N on the 12th increased decidedly after 3 h., and remained 
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more active until 12 h., when a decidedly quieter though still slightly disturbed time 
ensued. There were no individual movements in any way striking. E was most 
disturbed between 2h. and 6h., when some considerable movements occurred. 
Short-period oscillations were a good deal in evidence then and until 10 h. Between 
12 h. and 16 Iv. the E trace was as quiet as usual. The V trace showed two or three 
small dimples, the largest about 4h., but the disturbance in that element was trifling. 

At Sitka tlie H and D traces during the afternoon of the 11th contained many 
short-period oscillations, and after 0 h. on the 12th these increased in size. Longer 
period oscillations gradually developed, and after 4 h. they also appeared in the V trace. 
The largest movements occurred between 7 h. and h., and again between 11 h. and 13 h. 
A somewhat unusual feature was that the range was larger in D than in H. There 
were several rapid oscillations in D between 7h. and 8^h. The most noteworthy 
was a westerly movement of 26' and easterly movement of 22' between 7h.36m. and 
7 h. 50 m. 'I’he V trace was a good deal less oscillatory than the D and H traces, but 
showed a good deal larger range. There was a general fall in V, interrupted by 
oscillations, from the maximum at 6h.64m. to a conspicuous turning point about 
8h. 'Phe fall during this time amounted to 195y, of which 167y occurred between 
7h. 10 m. and 8h. After 8h. V showed no large oscillation, but a gradual rise imtil 
Oil. 40m. T'here then ensued a gradual fall, mterrupted for about 10 minutes shortly 
after 11 h., to the minimum at 11 h. 40m. During the first 40 minutes after the 
minimum the rise amounted to 6Qy. Subsequently it took place at a diminished rate 
until about 15 h. All the traces were practically quiet for some hours after 14 h. 

On this occasion the disturbance in the horizontal plane was decidedly larger in 
the Antarctic than at Sitka, but the disturbance in vertical force at Sitka had a range 
more tlian double that in the Antarctic. The disturbance in declination was larger than 
that in H both at Sitka and Agincourt, and it was fully larger at Agincourt than at Sitka. 

Sedion 118. — T^ho Antarctic traces after 14 h. on May 12 were by no means 
specially quiet, but showed' no outstanding movement until after 21 h. Between 
2] li. and 24 h. there was a conspicuous bay in the E' trace, and also considerable 
though smaller movements in N'. 'Ten minutes’ trace was lost immediately before 
23 h., so the range in Table CLXVTTT may have been exceeded. The V trace showed 
many short-period oscillations, but no large movement. After 23 h. 20 m. the traces 
were all normally quiet. 

At Mauritius the H trace, which had been very quiet for 2 hours previously, 
contained a well-marked hump (elevation of H) between 21 h. and 23 h., a rise of 
24y being followed by a fall of 16y. The D trace showed a bay (easterly deflection). 
A swing to the East of 2' occurred in about 20 minutes. The subsequent swing to 
the west was slower, but details could not be made out in the trace, and the range in 
Table CLXVIII may have been shghtly exceeded. 

At Buitenzorg the movement in N was pretty similar to that in H at Mauritius. 
The D trace was sensibly imdulatory. The V trace seemed also slightly disturbed, 
but was too faint to measure. 
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At Alibag the H trace showed a decided hump (elevation.) between 21 h. and 23 h. 
The fall in H was less than the previous rise, but not so decidedly so as in the case of 
H at Mauritius or N at Buitemzorg. 

At Agincourt the H trace showed a succession of waves between 20 h. and 24 h., 
of which the disturbance between 21 h. and 23 h. seemed to form part. The D trace, 
however, was practically quiet, except between 21 h. and 23 h., when there was a bay, 
during which D was East of its normal position. 


Table CLXVIII. — 21 h. to 24 h. May 12, 1912. Plate LIT. 


Station. 

Moment. 

Times of 

Disturbance 

Bange. 

Inequality 

Range. 

Maximum. 

Minimum. 



h. 

m. 

h. 

m. 

y 

y 

Antarctic 

N' 

22 

4.6 

23 

20 

106 

14 


E' 

23 

.16 

21 

65 

180 

6 


V 

21 

20 

21 

66 

36 

6 

Mauritiua 

H 

22 

10 

21 

16 

24 

5 


D 

21 

40 

21 

0 

14 

1 

Buitenzorg 

N 

22 

40 

21 

35 

28 

9 


E 

21 

40 

22 

36 

10 

6 

Alibag 

H 

22 

15 

21 

20 

25 

2 

Agincourt 

H 

21 

20 

22 

60 

43 

11 


D 

21 

60 

21 

0 

33 

17 

Eskdalemuir 

N 

21 

56 

22 

66 

60 

4 


E 

22 

66 

21 

33 

70 

3 


V 

21 

20 

22 

36 

17 

14 

Sitka 

H 

23 

26 

21 

46 

66 

8 


D 

21 

0 

23 

.60 

34 

1C 


V 

23 

46 

21 

0 

27 

11 


At Eskdalemuir the N trace showed an irregular hump (elevation) from about 
21 h. to 23 h. The B trace contained a rather rapid oscillation between 21 h. 26 m. 
and 21 h. 60 m., a numerical rise of 28y being followed by a numerical fall of 60y. The 
V trace was more disturbed than the range might suggest. The value was naturally 
falling at the time, but the fall from 21 J h. to 22 h. was so much faster than usual that 
a decided bay (depression) was formed, the element reversing its normal direction of 
change and rising between 22j h. and 23 h. 

At kSitka the disturbance was somewhat irregular. If anything, H was depressed 
between 21 h. and 22^ h. Between 22 h. 26 m. and 22 h. 36 m. there was a rise of 
68y. The D trace resembled the H in showing numerous short-period oscillations 
between 21 h. and 24 h., but was not more disturbed then than earlier. The V trace 
showed a shallow bay between 21^ h. and 23;|h., the element being slightly enhanced 
in value. 
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The appearance of the curves suggests a common source for the disturbances in 
the Antarctic and at Mauritius, Buitenzorg and Alibag, especially at the three latter 
stations, where the prominent movements were a rise and subsequent fall in H or N. 
The principal movements in the Antarctic corresponded fairly in time with those at 
Mauritius, Buitenzorg and Alibag, but the most conspicuous change was a fall and 
rise in E'. The N movement at Eskdalemuic and the D movement at Agincourt 
suggested a common source of disturbance for these and the more southern stations, 
but this is not what would have been suggested by the B trace at Eskdalemuir, the 
H trace at Agincourt, or any of the traces at Sitka. 

Sedion 119. — ^The disturbance between Oh. and 3h. on May 13, 1912, has 
already been dealt with amongst the short period disturbances, see Section 83 and 
Plate XXXVIII, but it has been included in the disturbance between Oh. and 14 h. 
to facilitate comparison with the previous day. 


Table CLXIX. — Oh. to 14 h. May 13, 1912. Plate LIII. 


{Station. 

Klement. 

Tim 

Maximum. 

DS of 

Minimum. 

Bifliurbanoe 

Kango. 

Ino(iualifcy 

Range. 



h. 

m. 

h. 

111. 

y 

V 

Antarctic 

N' 

7 

BO 

1 

23 

382 

47 


E' 

8 

16 

0 

6 

247 

34 


V 

0 

20 

9 

10 

306 

32 

Mauritius 

H 

Q 

60 

10 

30 

68 

20 


D 

12 

0 

8 

16 

27 

28 

Buitenzorg 

N 

3 

55 

10 

16 

123 

42 

E 

9 

10 

3 

10 

24 

22 


V 

4 

60 

10 

26 

38 

19 

Alibag 

H 

G 

40 

10 

30 

73 

39 

Agincourt 

n 

1 

36 

1 

46 

93 

16 

D 

1 

15 

1 

40 

261 

23 

Eskdalemiiir 

N 

0 

0 

8 

66 

98 

36 


E 

0 

33 

11 

42 

86 

40 


V 

10 

20 

1 

48 

80 

9 

Sitka 

H 

1 

27 

9 

44 

306 

20 


D 

10 

12 

1 

8 

216 

37 


V 

1 

20 

10 

13 

431 

12 


In the Antarctic the regular diurnal changes showed evident expansion on the 
13th as on the 12th, but on the 13th irregular variations were considerably more in 
evidence. In addition to the large bay-like movements in N' and E' between Oh. 
and 3h., there was a disturbance between 6h. and 7h. which presented some 
resemblance to the “special type.” Between 3h. and 6h. conditions were quieter in 
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all the elements than they were again until after 14 h. In N' the most prominent 
movements were the fall and rise (numerical rise and fall in S') constituting the bay 
between Oh. and 3h., a series of rapid oscillations between 5|h. and 6|-h., and a rise 
of 191y between 6h. 55 m. and 7h. 50 m. In E' the most prominent movements 
were the rise and fall between Oh. and 3h., some sharp oscillations near 6h. (between 
5h. 56 m. and 6h. 11m. there was a fall of 129y and a rise of 103y), a rise of lidy 
between 7h. 10 m. and 7h. 56 m., and a fall of 132y between 10 h. 25 m. and 
10 h. 55 m. In V the movement between 0 h. and 3 h. was not large compared with 
the later movements. Between 6 h. 48 m. and 6 h. 40 m. there was a fall (numerical 
rise) of 210y and rise of 170y. Between 7h. 60 m. and 9h. 10 m. there was a fall 
(numerical rise) of 238)', and between 10 h. 35 m. and 11 h. 35 m. a rise of 160)'. V was 
very decidedly depressed (numerically enlarged) between 6li. and 13 h. 

At Mauritius H had a smart fall of lOy between Oh. 60m. and Ih. 25m., 
followed by a gradual rise until 4h. The curve between 7h. and 14 h. was of a bay 
shape, the fall to the minimum at 10 h. 30 m. being about 48/, and the subsequent 
rise about 40)'. The minimum occurred somewhat earlier in the day than usual, and 
the range was about thrice the normal, but the changes were of similar type to those 
of the average day. The D trace was too faint to measure until after 2h. But it 
was very quiet for an hour after it was clearly visible, so it is unlikely that the range 
given in Table CLXIX was exceeded. The trace was on the whole smooth, a westerly 
movement prevailing from 3^h. to 6jh. and from 12 h. to 14 h., and an easterly 
movement from 8^h. to 11 h. These movements fairly represented the normal 
diurnal changes. Thus D was practically unaffected by the disturbance. 

At Buitenzorg, after recovering from the depression between Oh. and 3h., N 
began to fall about 4h., and the fall continued with minor interruptions to the 
minimum at 10 h. 16 m. The ordinary diurnal fall appeared to be more than 
doubled in size, and shortened in time by from 3 to 4 hours. During the first hour 
after the minimum was reached there was a rise of 48)'. The subsequent recovery was 
slower. The E trace showed some minor oscillations, but the range was about normal. 
The V trace had a pretty regular course, but the amplitude of the regular diurnal change 
was doubled, and the turning point was advanced. After the minimum (numerical 
maximum) there was a pretty smart rise for 40 minutes, the rate then markedly declining. 

At AUbag the bay in the H trace shortly after Oh. was fairly prominent, and 
there were small irregular movements between 4-|h. and 6h., but the largest 
movement consisted of a nearly uninterrupted fall from the maximum at 6 h. 40 m. 
to the minimum at 10 h. 30 m. The maximum occurred about the normal hour, but 
the minimum anticipated the usual time by about 4J hours, and the amplitude was 
quite double the normal. Between 10 h. 30 m. and 11 h. 30 m. there was a pretty 
smart rise of 2Sy. After 12 h. conditions were practically quiet. 

At Agincourt H was continuously disturbed from 20 h. on the 12th to 12 h. or 13 h. 
on the 13th, with the exception of a pretty quiet time between 2h. 40 m. and 
4h. 20 m. on the 13th. The largest movements on the 13th occurred between 
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111. and 3li. Between 4li. 20m. and Gli. there was a rise of 40y and fall of 36y. 
Between 6^h. and 10|h. there was a bay (depression of H.) of no very great depth, 
but accompanied by numerous minor oscillations. These oscillations continued 
until 13 h. The D trace at Agincourt showed large oscillations between 0 h. and 
3h. on the 13th. From 3h. to 4h. there was normal quietness. Between 4|h. and 
6 h. there were some moderate oscillations. Between 7 h. 20 m. and 8 h. 10 m. there 
was a westerly movement of 18', and between 8h. 60 m. and 9h. 36 m. an easterly 
movement of 16'. Subsequently there were only minor oscillations. 

At Bskdalemuir the bay movement in N, which ended about 2h., was prominent. 
From 2 h. to 6 h. there were only small oscillations. Between 6 h. and 7 h. there was 
a bay (depression of N), the element being about 30y lower at 6 h. than at 5 h. or 7 h. 
From 7 h. to the minimum at 8 h. 58 m. there was a fall of 77y, and between 10 h. 18 m. 
and 11 h. 38 m. a rise of 70y. For some hours after 12 h. there were only small 
short-period oscillations. The E trace showed a double bay (numerical depression) 
between 0 h. and 3 h. The subsequent movements were smaller. Between 7 h. and 
9 h. there was a bay, the element being numerically lower at 8 h, 2 m. by 43y than at 
7h. From 12 h. to 16 h. there were only trifling short-period oscillations. In V the 
depression between 0 h. and 3 h. was the only conspicuous feature. 

At Sitka* the disturbance between Oh. and 3h. was well marked. During the 
next 2 hours conditions were much quieter, though short-period oscillations still 
prevailed, especially in H. After 6h. the curves, especially at first the D curve, 
became considerably more disturbed and the disturbance gradually increased. 
Between 7h. 40 m. and 9 h. 44 m. H fell in all 147y, and between 9h. 44 m. and 
11 h. 30 m. it rose 118y, the fall and the earlier part of the rise being interrupted by 
numerous oscillations. Between 6 h, 6 m. and 6 h. 26 m. D moved 19' to the East. 
Between 6 h. 5 m. and 7 h. 55 m. there was in the aggregate a westerly movement 
of 38', and between 7 h. 55 m. and 10 h. 12 m. on the aggregate an easterly 
movement of 47'. These two movements were much interrupted by shorter period 
oscillations. Between 10 h. 12 m. and 11 h. 20 m. there was an almost uninterrupted 
westerly movement of 33'. The V trace was much quieter than the H and D traces 
until after 7h., but about 7h. 20 m. there began a drop in V, which continued with 
only minor interruptions until the minimum at 10 h. 13 m. The total fall in this 
time was 289y. A rapid rise then set in, the increase measured up to 11 h. 30 m. 
amounting to 234y. V continued to rise from 12 h. to 13 h., but at a much gentler 
rate. In fact after 12 h. the conditions might be described as very quiet compared 
with those prevailing during the previous 6 hours. H continued to fall, and D to 
move to the Bast after 14 h., but at a comparatively slow rate, and short-period 
oscillations though present were of a small size. 

Disturbance was everywhere prevalent on May 13, but the time when it was most 
active differed at the different stations. This aspect of the case will be best brought 
out by a short survey of the two days May 12 and 13. 

* Sitka trace was overlooked when preparing Plate XXXVIII. There was a short gap after 2 h. 
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The Antarctic curves suggest practically continuous disturbance, with periods 
of special activity centring about 3h., 7^h., 11^ h. and 22 h. on the 12th, and about 
l^h., 6jh., and 10 L.on the 13th, with a distinctly quieter interval frona 14 h. to 18 h. 
on the 12th. Which of the disturbed periods was the most disturbed it is difficult to 
say, but the 13th was decidedly the more disturbed day of the two. 

At Mauritius the most disturbed time was from 21 h. to 23 h. on the 12th. 

At Buitenzorg the most disturbed times seemed to be from 0 h. to 3 h. and 7 h. 
to 12 h. on the 13th. But the movements as a whole seemed not so much disturbances 
as enhancements of the ordinary diurnal change in IST. 

At Alibag the phenomena were similar to those at Buitenzorg, but the disturbance 
from 0 h. to 3 h. on the 13th was little if at all greater than that centring at 22 h. on 
the 12th. 

At Agincourt the D trace is the most instructive, as it consisted of several more 
or less isolated patches of disturbance, separated by much quieter intervals. The first 
highly disturbed time included 3 h. to h. on the 12th, more especially 5 h. to 8 h. 
The second highly disturbed time, Oj h. to 2 ^ h. on the 13th, exhibited a smaller range of 
oscillation than the first, but the oscillations were more rapid. The third period, 
7 h. to 10 h. on the 13th, was decidedly the least disturbed of the three. The H curve 
at Agincourt showed much more persistent disturbance than the D. Its most disturbed 
times were 3h. to 8h. on the 12th, and Ojh. to 2jh. on the 13th, but they did not 
throw the disturbance at other times into the shade. 

At Eskdalemuir the only considerable disturbance in V occurred between Oh. 
and 3 h. on the 13th. The most prominent movement in the N trace occurred at the 
same time, and the corresponding disturbance in E was amongst the largest in that 
element. 

At Sitka the V trace, lilce the D trace at Agincourt, showed a succession of 
comparatively isolated periods of high distiubance, including 4h. to 9h. and 10 h. 
to 14 h. on the 12th, and ih. to 3h. and 7jh. to l4di. on the 13th. The H and D 
disturbances were more persistent, but they undoubtedly culminated about the same 
time as those in V. The most disturbed time unquestionably was from 7ih. to Hi h. 
on the 13th. 

Section 120. — On Jime 8-9, 1912, there was a somewhat disconnected series of 
disturbances, quiet intervals intervening. Of the traces received, some covered only 
the earlier and others only the later of the more disturbed periods. This led to 
separate consideration of the following times ; on June 8, 2 h. to 5 h., 6 h. to 8 h., 
10 h. to 16 h. and 19 h. to 22 h. ; and on June 9, Oh. to 6h. Particulars for these 
intervals are given separately in Table CLXX. 

In the Antarctic the chief movements between 2 h. and 6 h. on the 8th were bays 
in the N' and E' curves. During this time there was a fall (numerical rise) in V, 
interrupted by short-period, oscillations. 

Between 6 h. and 8 h. there was a disturbance of the special type, the phases of 
which are given in Table CXL. The movement in E' between 6h. and 8.h. was 
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considerably greater than the movenaent between 2h. and 5h., but in N' the reverse 
was the case. Disturbance was not wholly suspended between 5h. and 6h., or 
between 8h. and 10 h., there being numerous short-period oscillations, but slower 
oscillations were less in evidence. In N' the shorter period movements tended to give 
place to bolder more gradual movements before 11 h. The chief was a rise (numerical 
fall of S') of 184y between 12 h. and 13 h. 57 m., followed by a fall of 191y in the course 
of the next 25 minutes. The movements in E' were less prominent. In V there was 
a considerable fall (numerical rise) between 13 h. and the minimum at 14 h. 12m., 
followed by a rapid rise until nearly 16 h. The rapid short-period oscillations seemed 
practically suspended in all the traces between 11 h. and 12 h. Between 16 h. and 19 h. 
conditions were about normal. Between 19 h. and 22 h. there was a deep bay in B' 
(depression), and a considerably shallower bay in N' (numerical rise)i the V trace being 
less disturbed. Finally between 0 h. and 5 h. on the 9th there were some considerable 
oscillations in N', especially between 2h. and 3h., when there was a deep bay. 
Between Ih. 67 m. and 2h. 17 m. N' feU 163y, and between 2h. 17 m. and 4h. it 
rose 198y. Synchronously with the bay in N' there was a shallower bay in E', and 
also a bay m V (numerical rise). The turning points appeared later in E' and in V 
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E' 
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7 
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36 
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30 
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12 
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16 
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7 
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H 

2 
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25 

19 
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20 
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3 
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8 
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16 

16 
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6 
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10 

4- 

36 
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7 
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6 

66 

48 
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4 

10 

2 

2 

67 

2 
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0 

7 

6 

97 
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N 

4 

32 

3 

24 

36 

1 

6 

20 

7 

66 

46 

11 


E 

6 

0 

4 

12 

44 

10 

6 

43 

7 

48 

31 

3 


V 

3 

10 

4 

36 

17 

5 

7 

16 

6 

30 


1 

Sitka 

H 

3 

20 

3 

30 

77 

6 

7 

10 

7 

43 

86 

3 


D 

4 

30 

3 

14 

62 

18 

7 

16 

6 

16 

169 

2 


V 

4 

20 

3 

36 

49 

4 

7 

8 

7 

36 

109 
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Table CLXX — continued. 
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152 

4 

4 35 

2 35 

164 
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6 
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24 

4 
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18 

12 


D 
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19 

16 

22 0 
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10 

3 

2 30? 

5 0 

23 

9 
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N 

16 10 

13 16 

21 

2 

20 36 

19 46 

21 

■3 

3 20 

2 15 

28 

16 


E 

11 20 

13 36 

18 

12 

20 20 

19 26 

13 

3 

0 0 

4 60 

29 

17 


V 

16 16 

13 26 

10 

2 

20 30 

21 66 

9 

1 

3 46 

2 30 

9 

9 

Alibag 

H 

10 40 

13 46 

32 

14 

20 30 

19 46 

24 

2 

3 40 

2 20 

33 

26 

Honolulu ... 

H 

13 40 

11 36 

23 

4 
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16 

3 

0 0 

2 26 

38 

14 


D 

16 0 
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19 

11 
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30 

26 

3 30 

1 36 

9 

14 
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13 40 

6 

3 
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7 

12 
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7 

8 
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26 
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8 

5 
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29 
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4 
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22 

23 
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19 

18 
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9 

0 

4 0 
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5 

3 
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H 
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30 

20 
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35 

G 

0 6 
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42 

4 
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10 46 
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60 
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31 

15 

2 20 

0 35 
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2 
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74 
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1 40 
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21 

4 

muir 
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44 

31 

20 16 
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52 
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4 46 

2 16 

43 

10 


V 

16 0 

10 43 

32 

13 

20 10 

22 0 

8 

G 

0 30 

2 40 

17 

0 

Sitka 

H 

12 16 

13 66 

76 

4 
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14 
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13 0 

81 

31 

— 
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>48 

32 

— 
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>36 
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14 2 

109 

9 

— 

— 

>23 

3 

— 

— 

>34 
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than in N'. The principal fall in V (numerical rise), amounting to 135y, occurred 
between 2 h. 10 m. and 2 h. 28 m. The recovery from this fall soon diminished in 
rapidity, but continued until 4 h. So far as the Antarctic is concerned, the distiu’bance 
ceased to have special features after 4 h. on the 9th. 

At Mauritius the H trace showed a shallow bay (depression) between 2h. and 
4j h. on the 8th. Between 6 h. 45 m. and 7 h. 10 m. H fell 14y. There was a gradual 
fall of 34y between 10 h. 10 m. and 13 h. 40 m., followed by a rise of 20y 
between 13h. 40 m. and 14 h. 50 m., and a subsequent fall of 12y before 16 h. 
Between 19 h. and 22 h. there were two oscillations. In the second, which was 
considerably the larger, there was a rise of 24y followed by a slightly interrupted fall 
of 19y. Between 0 h. and 5 h. on the 9th the general trend of the H curve was upwards, 
the normal direction for the hour, but the rise was interrupted from 2 h. 0 m. to 
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2 h. 28 m., and again from 3 h. 40 m. to 4 h. 0 m., by oscillations. Tbe D trace contained 
a bay (easterly deflection) between 2 h. and 6 h. on tbe 8th, the normal phenomenon 
for the hour. Between 6 h. and 8 h. on the 8th the D trace showed only two trifling 
oscillations. There was another slight bay (easterly deflection) between 10 h. and 
14 h., but this showed no essential difference from the normal, except that a westerly 
movement of 1' took place in about five minutes near 13 h. 20 m. Between 19 h. and 
22 h., the only special feature was a rather sharp oscillation, 1' to West then 1' to East, 
the turning point coming at 20 h. Between Oh. and 6h. on the 9th there was a slow 
easterly movement, followed by a slow westerly movement, just as on the average 
day, only considerably larger. 

The trace received from Buitenzorg commenced after 9 h. on the 8th. Between 
10 h. and 16 h. there were several moderate oscillations in N, with smaller oscillations 
in E and V. Between 19 h. and 22 h. there were two oscillations in N, the second the 
larger. There were corresponding but smaller oscillations in V. The E trace showed 
one decided oscillation, corresponding roughly in time with the second oscillations in 
N and V, but somewhat in advance of them. There was a fairly deep bay (depression) 
in the N curve between 1 h. 20 m. and 3 h. 20 m. on the 9th, and disturbance was also 
visible at the time in the E and V traces. 

At Alibag on the 8th the H curve oontaiied a decided bay (depression) between 
2 h. and 4 h. 20 m. There was another but shallower bay between 6 h. and 8 h. A 
third bay followed between 10 h. 40 m. and 16 h. From 16 h. to 19 h. the trace was 
almost quiet. Between 19 h. and 21^ h. there were two oscillations, as in N at 
Buitenzorg, the second the larger. On the 9th between 1 h. 46 m. and 3 h. 30 m. 
there was a decided bay, interrupting the rise of H natural at that hour. 

The trace received from Honolulu commenced about 10|h. on the 8th and 
ended about 3 h. 46 m. on the 9th. There was a bay (elevation) on the H trace between 
12^ h. and 14jh. The D and V traces showed some minor oscillations durmg the 
same time. Between 19|h. and 20|h. there Avas a fall of 16y in H. The declination 
during this time accelerated a movement to the West which commenced about 17 h. 
The H movements in the early morning of the 9th were larger than those occurring 
on the 8th. Between 1 h. 0 m. and 2 h. 26 m. there was a fall of 36y. Simultaneously 
there were movements in E and V, but they were small. 

At Helwan there was a shallow bay (depression) in the H trace between 2 h. and 
4| h. on the 8th, while the D trace exhibited some small oscillations. Shallow bays 
were also visible in the H trace between 6h. and 8h., and between 13 h. and 16 h. 
Between 16 h. and 19 h. the curves were practically quiet- Between 19 h. and 22 h. 
there was a smaller followed by a larger oscillation in H, similar to what occurred at 
Mauritius and Alibag. Small movements were also visible in the D and V traces about 
20 h. The H movements in the early hours of the 9th were inconspicuous ; the 
element was, however, slightly elevated. The change in D during this time was 
larger, but appeared of almost normal character. 

At Agincourt between 2 h. and 6 h. on the 8th there was a bay or rather double 
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bay in tbe H and D curves, H being depressed and D to the East of its normal 
position. Between 6 h. and 8 h. H was again depressed, but D was to the West of 
its normal position. In the course of an hour D swung 17^' to the West and 19' to the 
East. During this oscillation the trace had a tooth-like appearance. There Avas 
some minor disturbance between 13 h. and 16 h. in both the H and D traces. After 
19 h. the H trace became more disturbed, exhibiting a succession of undulatory 
movements until about 4 h. on the 9th. The D trace showed only trifling movements 
duriug the whole evening of the 8th. It exhibited, however, a considerable oscillation, 
21''6 E then 20''6 W, between If h. and 2|h. on the 9th. 

At Eskdalemuir the N and E traces showed a good deal of irregular disturbance 
after 23 h. on the 7th. On the 8th there were bays (depressions) in the N curve 
between 2h. and 6h., and between 6fh. and 8|-h. There were simultaneous 
disturbances of similar size but more iiregular character in the E curve. Between 
lOh. and 16 h. there were considerable oscillations in N, the element being on the 
whole depressed. During this time E was less disturbed. It was comparatively quiet 
from 16h. to 19 h. Between 19 h. and 22 h. there were two considerable oscillations 
in N and a bay (numerical depression) in E. Between 0 h. 50 m. and 2 h. 30 m. on 
the 9th there were two smalHsh oscillations in E, but on the whole the N and E curves 
were quiet after 22 h. on the 8th. During the whole time there were only a few gentle 
undulations in V. The largest led to shallow bays (depressions) centring about 
4 h. 36 m. on the 8th and 2 h. 40 m. on the 9th. 

The trace received from Sitka began a little after 2 h. and stopped a little before 
18 h. on the 8th. From 3 h. to 4 h. 40 m. all the traces were a good deal more disturbed 
than during the next two hours, but the movements were of a somewhat irregular 
character. On the whole H was depressed and V elevated. Between 6h. and 8h., 
during the disturbance of the “ special type ” in the Antarctic, there were large 
comparatively regular movements. Between 6 h. 55 m. and 7h. 43 m., IT rose 47y 
and fell 86>/. Between 6h. 65 m. and 8h. Om., D moved 31' to the East and then 
as much to the West. Between Oh. Om. and 7h. 35m. V rose 69y and fell 109y, 
the turning point being at 7 h. 16 m. Half the rise occurred during the last 10 minutes 
it was in progress. Conditions were much quieter from 8 h. to 13 h., especially from 
9h. to 11 h. Between 12 h. 16 m. and 14 h. 40 m. there was a well developed bay 
(depression) in the H trace, and from 12 h. 40 m. to 14 h. 20 m. there was a hump 
(westerly deflection) in the D trace. From 12 h. 46 m. to 16 h. 10 m. there was a well 
developed hump on the V trace. The movements between 12 h. and 16 h. were on 
the whole the opposites of those recorded between 6h. and 8h. Prom 15 h. until 
the record ceased near 18 h. conditions were much quieter, being !=n‘mi1n.T to what they 
were between 5h. and 6h. and between 9h. and 11 h. Though the record received 
stopped before 19 h. on the 8th, the figures as to hourly and extreme values in the 
Sitka publication showed that conditions were decidedly disturbed from 19 h. to 22 h. 
on the 8th, and from 0 h. to 6 h. on the 9th, but apparently not to nearly the same 
extent as in the Antarctic. 
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Perhaps the chief feature of the disturbance of June 8-9 is the marked approach 
to synchronism in the more disturbed periods all the way from the Antarctic to Sitka. 
In general the disturbances were considerably larger in the Antarctic than elsewhere. 
Between 6 h. and 8 h. on the 8th, however, the disturbance was on the whole less in 
the Antarctic than at Sitka. The excess of the Antarctic movements was especially 
prominent between 0 h. and 5 h. on the 9th. Outside the Antarctic the only traces 
for those hours which would by themselves have attracted attention were the H trace 
at Honolulu and the D trace at Agincourt. 

Section 121. — In the Antarctic the disturbance on June 27, 1912, occurred in the 
middle of a quiet time. The N' disturbance consisted in the main of two slow 
oscillations. The first consisted of a small rise (numerical faU) and larger fall between 
8h. 26 m. and 9h. 16m., the second of a larger but comparatively slow rise of 153y 
between 9h. 16 m. and 10 h. 66 m., followed by a fall of about half the size. E' 
exhibited a marked rise, commencing about 7 h. 16 m. The rise to the maximmn at 
8 h. 46 m. was interrupted from 7 h. 30 m. to 7 h. 40 m., and again from 8 h. to 81- h. 
It amounted in all to 123y. Between 8h. 65 m. and 9h. 26 m, there was a fall of 
116y, bringing E' back to near its original value. Minor oscillatory movements 
continued until after 12 h. A decided fall (numerical rise) began in V about 7 h. 30 m. 
There were several nearly level portions of oxirve, especially from 8h.l0m. to 8h.40m., 
but the general trend was downwards until 9 h. 15 m. A rise ensued which continued 
but at a reduced rate, until 10 h. 46 in. A much smaller fall and rise followed, which 
were accompanied by minor oscillations. The traces were not as quiet as they were 


Table OLXXl. — 6 h. to 12 h. Juno 27, 1912. Plate LIV. 


StaMon. 

Elomont. 

Tim 

Maximum* 

en of 

Minimum. 

DIb turbouoo 
Bango. 

Inequality 

llango. 



h. 

m. 

h. 

m. 

Y 

Y 

Antarctifi 

N' 

10 

■55 

9 

16 

163 

20 


E' 

8 

46 

11 

66 

140 

23 


V 

6 

0 

9 

16 

96 

12 

Mauritius 

H 

10 

26 

10 

46 

43 

16 


D 

9 

60 

7 

15 

21 

20 

Buitenzorg ; 

N 

6 

6 

9 

16 

70 

21 

E 

9 

16 

6 

6 

18 

13 

1 

V 

7 

20 

10 

40 

20 

14 

Alibag 

H 

6 

25 

10 

40 

66 

32 

Agincourt 

H 

8 

0 

9 

36 

28 

5 

D 

10 

0 

7 

30 

79 

24 

Eskdalemuir 

N 

6 

0 

8 

46 

69 

24 


E 

7 

6 

12 

0 

43 

36 


V 

8 

40 

11 

16 

12 

16 


z 2 
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at 6 h.. until after 13 h. TLe principal movement in V, and the first oscillation in N', 
appeared to be decidedly of the “special type,” and the disturbance appears as such 
in Table CXL. But whilst the corresponding E' movement was also suggestive of the 
special type, there was very decided disturbance for the previous 70 minutes, and the 
fall in E' representing the second phase of the special type continued after the 
corresponding movements in N' and V had been reversed. 

At Mauritius the H trace showed some small oscillations, but its main feature 
was the fall between 6^ h. and 10| h. This differed little in type from the normal diurnal 
change, but was fully twice as large. The D trace exhibited a continuous easterly 
movement between 7 h. 16 m. and 9 h. 60 m., in no way abnormal. The curve in fact 
presented little if any trace of disturbance. 

At Buitenzorg the N curve showed a rapid nearly smooth fall resembling the 
normal diurnal fall, but three times as large, the minimum being reached an hour or 
so in advance of the usual time. Short-period oscillations were superposed, but they 
were of small amplitude. The changes in E differed little from the normal. The V 
trace showed between 6 h. and 7^ h. a decided arrest and shght reversal of the normal 
fall, and the fall on setting in again continued for several hours after the usual time. 

At Alibag the H movement, except for its enhanced size, showed little abnormality. 
The fall was especially rapid between 7 h. and 8| h. 

At Agincourt the H trace showed several slow oscillations between 6h. and ll^h., 
but none of any great size. D was much more disturbed. The trace was practically 
quiet uutU 7 h. 20 m. Between 7 h. 20 m. and 7 h. 36 m. there was a westerly 
movement of and between 7 h. 36 m. and 8 h. 36 m. an easterly movement of 10'. 
Between 8 h. 36 m. and 9 h. 40 m. there was a westerly movement of 3|', and an 
easterly movement of 10'. The trace remained distinctly disturbed until 12 h. or 13 h. 

At Eskdalemuir there was a well marked bay (depression) in the N trace between 
7 h. and 9 h. 40 m. During this time there were many small short-period oscillations 
in E, but the general trend of the curve followed its normal course. The V trace was 
practically quiet. 

In the Antarctic the disturbance seemed a thing quite apart and remote from 
the regular diurnal changes, and the same is true of the D trace at Agincourt and the 
N trace at Eskdalemuir. But at Mauritius, Buitenzorg and Alibag the changes in 
H or N seemed to represent in tlie main a simple enhancement of the normal daily 
changes. 

Section 122. — After the disturbance last considered normal quietness prevailed in 
the Antarctic until 22 h. on June 27. A short disturbance then ensued, which 
continued until after 2h. on the 28th, when conditions again became as quiet as 
usual. The N' and E' curves contained well marked bays between 23 h. on the 27th 
and 1 h. on the 28th. The V trace for three hours after 22 h. 30 m. contained a small 
plateau (numerical depression). The short-period oscillations on the several traces 
were similar to those in neighbouring hours. 

At Mauritius there was a decided hump (elevation) in the H trace. The rise 
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Table CLXXII. — 22 h. June 27 to 2 h. June 28, 1912. Plate LIV- 


Station. 

Element. 

Timt'H of 


Dieturbanoo 

Inoqualitv 

Maximum, 

Minimum. 

Kange. 

Biongo. 



h. m. 

h. 

m. 

r 

y 

Antarctic 

N' 

] 36 (28th) 

23 

62 (27th) 

93 

ID 


E' 

1 60 (28th) 

23 

62 (27t]i) 

10] 

13 


V 

1 6 (28th) 

22 

10 (27th) 

23 

3 

Mauritius 

H 

23 40 (27th) 

23 

6 (27th) 

21 

8 


D 

23 40 (27th) 

22 

30 (27th) 

11 

1 

Buitenzorg 

N 

2 0 (28th) 

22 

0 (27t]i) 

31 

20 


E 

23 60 (27th) 

22 

20 (27th) 

13 

11 


V 

0 36 (28th) 

22 

20 (27th) 

10 

4 

Alibag 

H 

23 60 (27th) 

23 

10 (27th) 

19 

8 

Agincourt 

H 

22 20 (27th) 

18 

40 (27th) 

3(5 

11 


D 

23 DO (27th) 

1 

46 (28th) 

3G 

D 

Eskdalemuir 

N 

23 30 (27th) 

0 

20 (28th) 

61 

6 


E 

23 25 (27th) 

22 

20 (27th) 

3D 

8 


V 

22 0 (27th) 

0 

6 (28th) 

19 

11 


between 23 h. 6 in. and 23 b. 40 m. on the 27th was much more prominent than the 
subsequent fall. The D trace showed a small but sharp easterly movement about 
23^ h. and a smaller westerly movement near 24 h. 

At Buitenzorg between 23 h. on the 27th and 0 h. 20 m. on the 28th both N and 
E showed more than the normal rate of change. There was very perceptible 
movement also in V. In the case of N some short-period oscillations appeared, but 
their amplitude was small. 

At Alibag there wa.s rather a smart rise in H between 23 h, and 23 h. 30 m. ; 
otherwise conditions were quiet. 

At Agincourt H was distinctly disturbed between 22 h. and 24 h., a bay appearing 
on the trace between 23 h. 10 m. on'the 27th and Oh. 10 m. on the 28th. The D trace 
also contained a bay (easterly deflection) between 23 h. 25 m. on the 27th and 0 h. 36 m. 
on the 28th. 

At Eslcdalemuir N rose 49y and fell 60y between 23 h. 10 in. on the 27th and 
0 h. 10 m. on the 28th ; otherwise there was little disturbance. During the disturbance 
in N there were minor oscillations in E. There was a decided bay (depression) in the 
V curve commencing about 23 h. 10 m. on the 27th. The recovery after the minimum 
at 0 h. 6 m. on the 28th was very slow. 

Though the disturbance was nowhere large, the traces everywhere departed 
decidedly from the normal. The nature and duration of the ‘ disturbance, however, 
varied. In the Antarctic the principal feature was a depression in N' and E'. At 
Buitenzorg and Eslcdalemuir N and E were both enhanced. At Alibag H was 



enhanced. At Aginconrt H was on the whole depressed, while the main D deflection 
was easterly. In the Antarctic disturbance was only slightly greater before than after 
midnight. Elsewhere except for the D trace at Agincourt disturbance after midnight 
was relatively very small. 

Section 123. — ^In the Antarctic conditions were normally quiet until 15 h. on July 
31, and but for a recovery in progress in V the end of the disturbance would naturally 
be put at 7h. on August 1. The interval 3h. to 6h. on August 1, already dealt 
with in Table CXXXIX, was considerably the most disturbed time, but there were 
numerous considerable oscillations in all the curves after 20 h. on July 31. 


Table CLXXIII. — 14 h. July 31 to 8 h. August 1, 1912. Plate LIV. 


Station. 

Element. 

Times of 

Disturbance 

Hange. 

Inequality 

Range. 

Maximum. 

Minimum. 



h. 

m. 

h. 

m. 

y 

y 

Antarctic 

N' 

17 

16 (31st) 

4 

61 (1st) 

196 

43 


B' 

4 

19 (1st) 

20 

33 (Slat) 

323 

63 


Y 

20 

47 (Slat) 

4 

66 (Ist) 

324 

21 

Mauritius 

H 

22 

20 (31st) 

18 

25 (31st) 

41 

20 


D 

2 

40 (1st) 

7 

0 (1st) 

32 

19 

Buitenzorg 

N 

3 

46 (1st) 

7 

66 (1st) 

69 

42 


E 

22 

20 (Slat) 

3 

6 (Ist) 

49 

28 


V 

3 

50 (1st) 

16 

26 (31st) 

30 

15 

Alibag 

H 

3 

40 (1st) 

21 

60 (31st) 

38 

34 

Helwan 

H 

22 

16 (31at) 

4 

30 (1st) 

49 

23 


D 

3 

46 (1st) 

14 

0 (31st) 

66 

30 


V 

4 

30 (Ist) 

8 

■0 (Ist) 

22 

20 

Agincourt 

H 

21 

20 (31st) 

22 

16 (31st) 

91 

32 


D 

2 

5 (Ist) 

4 

20 (lijt) 

71 

4G 

Eskdalemuir 

N 

19 

3 (31st) 

4 

31 (1st) 

98 

24 


E 

22 

18 (31st) 

18 

13 (31st) 

126 

44 


V 

19 

65 (31.9t) 

rj 

30 (1st) 

63 

16 

Sitka 

H 

4 

8 (lat) 

21 

13 (31st) 

136 

33 


D 

4 

18 (Ist) 

1 

36 (1st) 

176 

46 


V 

4 

13 (Ist) 

18 

47 (Slst) 

217 

16 


At Mauritius there was a moderate hump (elevation) in the H trace between 
18 h. 50 m. and 21 h. 30 m. on July 31, but there was a much more prominent hump 
between 21 h. 60 m. and 22 h. 66 m., consisting of a rise of 36y and fall of 23y. The 
D trace between 18 h. 40 m. and 19 h. 30 m. of July 31 showed a Htrinll but rather 
sharp oscillation, 2' to East followed by 1^' to West. Between 5 h. 20 m. and 6 h. 0 m. 
on August 1, there was a movement of about 2J' to the West but there was little 
sign of distiirbance. 
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At Buitenzorg the N curve began to show distinct signs of disturbance shortly 
after 14 h. on July 31, and quiet conditions were not restored until between 7 h. and 8 h. 
on August 1. The bay on the N curve between 3 h. and 6 h. on August 1 represented 
decidedly the largest movement. But some of the earlier movements, especially a 
rise commencing about 22 h. on July 31, were by no means relatively negligible. 
The E and V curves had their largest movements between 2h. and 5h. on August 1 
but also showed smart movements near 22 h. on July 31. In the course of 46 minutes 
E had a rise and fall, each about 14y. 

At Alibag there was a certain amount of oscillation in the H trace after 14 h. on 
July 31. Between 21 h. 56 m. and 23 h. H rose 34y and fell 22y. The trace stopped 
about 4h. 30 m. on August 1, when a considerable movement seemed to be in 
progress. 

The Helwan H trace resembled that at Alibag. Between 21 h. 66 m. and 23 h. 
on July 31 H rose 34y and fell 28y. After 6h. on August 1 the curve appeared quite 
quiet, except that H was rising rather faster than usual. The Helwan D trace showed 
a slight bay (easterly deflection), centring about 4h. on August 1, and a few slight 
undulations hardly amounting to disturbance. The V trace had also a slight hximp 
(elevation) about 4h. on August 1, but more appeal is made to the eye by a bay 
between 22 h. and 23 h. on July 31, representing an extreme depression of about 12y. 
After 6 h. on August 1 the D and V traees both appear quiet. 

At Agincourt there was practically no disturbance prior to ICjli. on July 31. 
Oscillations then began in the H trace, which continued uninterruptedly until 6h. 
on August 1. Disturbance in H was on the whole largest between 21 h. and 22^ h. of 
July 31. Between 21 h. 30 m. and 22 h. 16 m. H fell 89y. The disturbance was 
considerably greater during this time than between 3h. and Oh. on August 1. In 
D, on the other hand, while the disturbance on July 31 after 17 h. was decidedly greater 
than it was earlier in the day, it was small compared with that occurring between 3 h. 
and oh. on August 1. 

At Eskdalemuir conditions were distinctly unquiet before 14 h. on July 31, but 
the intensity of disturbance then began to show a marked increase. Prior to the well 
developed bay between 3h. and 6h. on August 1, the N curve contained some 
oscillations only slightly smaller but of a less regular character. These included a rise 
of 54y and fall of 44y between 22 h. 5 m. and 22 h. 55 m. Considerably the largest 
movement in the E curve centred about 22 h. 20 m. Between 21 h. 30 m. and 
23 h. 36 m. there was a rise (numerical fall) of 87y, and fall of about the same size. 
The V trace contained some small undulations, the largest constituting a shallow bay 
(depression) centring about 6|h. on August 1. The influence of the depression on V 
is visible until about 8 h. After that all the traces appear fairly normal. 

At Sitka there had been some disturbance on July 31 between 9h. and 11 h., a 
time when the Antarctic N' trace showed an appreciable bay. A quieter time 
followed, but oscillations gradually developed in the H and D curves, and to a minor 
extent in the V curve. The movements between 3h. and 6h. on August 1 were 



decidedly the largest in the case of D and V. But the movements then occurring in H 
were rivalled by movements occurring between 21 h. on July 31 and 2h. on August 1. 
After 6h. on August 1 the curves might fairly be described as quiet, except that a 
decided recovery continued for an hour or two in V. 

During this disturbance there was a close parallelism between the fluctuations of 
the intensity in the Antarctic and at Sitka. The gradual waxing and rapid waning of 
the disturbance are characteristic features at both stations. 

The relative development of the disturbance between 21 h. and 23 h. on July 31 
varied a good deal at the different stations. In the Antarctic there was no special 
intensity of disturbance near 22 h., and the same was true of D at Agincourt. But 
there was a marked development of activity at that hour in the H curves at Mauritius, 
Alibag, Helwan and Agincourt, and in the E curve at Eskdalemuir. The Buitensorg 
traces and the Eskdalemuir N trace showed also some increase of activity at that hour. 
As proved to be so frequently the case, the vertical force disturbance was especially 
prominent at Sitka, as compared with all the other stations except the Antarctic. 

Section 124. — Conditions generally had been quiet throughout the earlier part of 
August 18. The incidence of distyrbance was gradual, and the taking the hour of 
commencement as 14h. rather than 16 h. or 16h. was somewhat arbitrary. 

In the Antarctic the traces were exceptionally quiet from 10 h. to 11 h. on the 
18th. Between 14 h. and 16 h. the curves showed perhaps only an average amount 
of disturbance for the season, but by that time the disturbance was clearly on the 
increase. The most disturbed time was from 20 h. on the 18th to 3h. on the 19th. 
There was, unfortunately, a loss of trace between 20 h. 25 m. and 22 h. 10 m. The 
ranges shown in Table CLXXIV may thus be underestimates. In the case of V this 
is almost certainly the case, as the trace was moving up the sheet when registration was 
resumed, and one of the extreme values was recorded then. In N' two rather deep bays 
representing depressions (numerical enhancement) succeeded one another between 
23 h. 20 m. on the 18th, and 3 h. 10 m. on the 19th. The rises and falls were practically 
equal in each case, amoxmting to about 109/ in the first bay and 99y in the second. 
The most striking movement in E' was a fall of 162y between 20 h. 0 m. and 20 h. 20 m. 
on the 18th. There was also a deep bay in E' approximately synchronous with the 
first of the two bays in N' mentioned above. In the course of this E' fell 132y and 
rose 155y. The Y trace showed only minor movements, except between 20 h. and 22j h. 
Between 22 h. 10 m. and 22 h. 26 m. there was a sharp rise of 70y, presumably only 
part of a larger movement unrecorded through absence of trace. The curve was 
quieter between 6h. and 7h. on the 19th than during the previous or succeeding 
hours. 

At Mauritius there was little sign of disturbance in the H trace until after 18 h. 
on the 18th. Some minor oscillations appeared after 18 h. 40 m. The most conspicuous 
phenomenon was a sharp rise of 32y between 20 h. 6 m. and 20 h. 20 m. and faU of 24y 
during the next hour. Another prominent oscillation consisted of a rise of 33y and fall 
of 16y between 23 h. 20 m. on the 18th and 1 h, 40 m. on the 19th. The D trace received 
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stopped at 3 h. on the 19th, so the range given in Table CLXXIV may have been slightly 
exceeded. The curve seemed practically quiet. 

Table CLXXIV. — 14 h. August 18 to 6 h. August 19, 1912. Plate LV. 


Station. 

Element. 

Times of 

Disturbance 

Inequality 

Maximum, 

Minimum. 

Range. 

Bongo. 

Antarctic 

N' 

h. m. 

16 0 (18th) 

h. m. 

0 21 (19th) 

7 

188 

7 

44 


E' 

3 46 (19tli) 

20 20 (18th) 

302 

48 


V 

22 48 (18th) 

22 10 (18th) 

82 

21 

Mauritius 

H 

20 20 (18th) 

23 26 (18th) 

34 

21 


D 

3 0 (19th) 

16 0 (18th) 

14 

13 

Buitenzorg 

N 

20 40 (18th) 

23 30 (18th) 

42 

42 

E 

0 6 (19th) 

3 46 (19th) 

60 

29 


V 

6 0 (19th) 

1 60 (19th) 

41 

16 

Alibag 

H 

20 30 (18th) 

2 30 (19th) 

60 

36 

Honolulu 

II 

18 57 (18tli) 

0 19 (19th) 

66 

10 

... 

]J 

17 32 (18th) 

0 32 (19t]i) 

66 

62 


V 

17 16 (lath) 

23 41 (18th) 

28 

19 

Helwan 

H 

20 16 (18th) 

6 0 (19th) 

61 

22 


D 

23 60 (I8th) 

17 .30 (18th) 

39 

30 


V 

4 60 (19tli) 

20 20 (18th) 

17 

6 

Agincourt 

n 

20 26 (18th) 

0 26 (li)tli) 

99 

46 

I) 

0 26 (19th) 

2 40 (19th) 

97 

61 

Eskdalomuir 

N 

20 11 (18tli) 

23 47 (18th) 

93 

19 


E 

23 68 (18th) 

14 60 (18th) 

93 

39 


? 

16 68 (18th) 

0 40 (19th) 

68 

16 


At Buitenzorg about 14 h. 26 m. on the 18th the N curve, which had been nearly 
level during the previous hour, showed a small but rapid rise, rather suggestive of an 
s.c. After this oscillations gradually developed. Between 20h. 6 m. and 21 h. 26 m. 
N rose 27y and fell 21y. Between 23 h. 0 m. and 23 h. 45 m. there was a fall of 14y 
and rise of 29y. Prom 2| h. to 4| h. on the 19th there was a moderate hump (elevation 
of N) ; subsequently the curve was practically undisturbed. Between 20 h. 0 m. and 
20 h. 46 m. JS rose 9y and fell 16y. Prom 20 h. 46 m. until the maximum of E at 
0 h. 6 m. on the 19th, there was a nearly unbroken gradual rise, amounting in all to 
33y. This is in the same direction as the normal change at that time of day, but about 
four times as large. In the course of the next 3 hours B fell about 49y, or about 
twice the normal. The V curve contained minor oscillations about 20 h. and between 
23 h. and 24 h. on the 18th, and the normal movements seemed considerably 
enhanced. 

The Alibag H trace, which had previously been very quiet, showed a rather rapid 
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but small rise about 14 L 26 m. on the 18th, which corresponded apparently with the 
movement in N described at Buitenzorg. But it was followed only by minor movements 
until 20 h. Between 20h. 6 m. and 21 h. 30 m. H rose 32y and fell 27y. Between 
23h. 6m. on the 18th and Oh. 16m. on the 19th H fell 12y and rose 32y. There was 
also a slight bay (depression) centring about 3 h. on the 19th. Altogether the changes 
in H at Alibag and in N at Buitenaorg followed a similar course. 

At Honolulu prior to 19 h. on the 18th there was httle to merit mention in the 
H trace, beyond the fact that the rise shown was much above the normal. The fall 
set in before the usual hour, but was interrupted between 20 h. 15 m. and 21 h. 40m., 
and when resumed it was much more rapid than usual. The D and V traces showed 
occasional small oscillations, especially near 19 h., but nothing of note. The rise to 
the maximum in V and the subsequent faU were somewhat above the normal. 

At Helwan the H trace showed movements very similar to those described at Alibag. 
Between 20 h. 6 m. and 21 h. 26 m. on the 18th, there was a rise of 40y and fall of 39y. 
Between 23 h. 20m. on the 18th and Oh. 6m. on the 19th H rose 29>’. After 1 h. on 
the 19th the only noteworthy feature was a faU of 14y between 4h. and 5h. The 
D trace showed some small oscillations between 20 h. and 24 h. on the 18th. The V 
trace contained a decided bay (depression) between 20 h. and 21 h. on the 18th. It 
began with a fall of 14y in the course of 10 minutes. There was a second but shallower 
bay between 23 h. on the 18th and 1 h. on the 19th. 

At Agincourt the H trace, which had been very quiet for some hours previously, 
showed minor oscillations after 14 h. on the 18th, but no movement of any size until 
about 18|h. From then,' with the exception of a quiet interlude between 20|h. and 
21|h. on the 18th, there was practically continuous disturbance until 5h. on the 19th. 
The disturbance after 3h. was, however, comparatively trifling. The largest of the 
rapid movements in H on the 18th were an osciUation between 18 h. 65 m. and 19 h. 30 m. 
(a faU of 36y and rise of 40y), another osciUation between 20 h. 10 m, and 20 h, 36 m. 
(a rise of 31y and fall of 42y), and a rise of 68y between 22h, 6 m, and 22 h, 26 m. 
Between 22 h. 25 m. on the 18th and 0 h. 26 m. on the 19th there was a total fall of 87y, 
interrupted by minor osoUlations. The D trace at Agincoiut was practically quiet until 
19 h. on the 18th. During the next 5 hours and again from 3 h. to 7 h. on the 19th, there 
were only m i n or osoiUations. The only time of considerable disturbance was between 
0 h. and 3 h. on the 19th. Between 0 h. 12 m. and 1 h, 12 m. D moved 14' to the 
East and 16j' to the 'West. Between Ih. 40 m. and 2h. 20 m. it moved 10' to the 
East, and between 2 h. 20 ra. and 3 h. 0 m. executed an oscUlation of 14' to the West 
and 9j' to the East. 

At Eskdalemuir the N trace was very quiet in the early hours of the 18th, but 
began graduaUy to show a development of very smaU short-period osoiUations. After 
12 h, and stUl more after 14 h. the size of these increased; The largest of the recorded 
movements, which were only of moderate size, took place on the 18th between 19h. 
and 22 h. and between 23 h. 20 m. and 24 h. After 1 h. on the 19th the disturbance 
was of smaU intensity and graduaUy diminishing. By 6 h. or *6 h. conditions were 
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fairly normal. The E trace showed only trifling though numerous short-period 
oscillations until after 19 h. on the 18th. There then ensued a fair amount oE 
disturbance, representing on the whole an enliancement of E (numerical depression), 
until 2h. on the 19th. No individual movement was at all impressive. Minor 
movements appeared after 2h., but by 5h. conditions were fairly normal. The V 
curve contained two decided bays (depressions), the first between 20 h. and 22 h. on the 
18th, the second and deeper between 23|^h. on the 18th and 2h. on the 19th. The 
recovery after the second of these bays was not completed until nearly 6h., but the 
trace was practically quiet after 6 h. 

The disturbance of August 18-19, 1912, though not very large, was well marked 
at all the stations, and the hours at which the largest movements occurred were roughly 
identical. At the stations in lower latitudes the movements of any size were confined 
to the interval 19 h. on the 18th to 1 h. on the 19th. There was a close similarity 
between the rapid movements near 20 h. of the 18th in the H or N cmwes at Mauritius, 
Buitenzorg, Agincourt and Helwan, and there was also considerable resemblance between 
the H or N movements between 23 h. on the 18th and 1 h. on the 19th at Buitenzorg, 
Alibag, and Helwan. This resemblance is hardly, however, recognisable at Honolulu. 
Both N and E at Eskdalemuir and H at Agincourt showed a more continuous and 
diffuse disturbance than that prevailing in lower latitudes, no particular movements 
making a special appeal to the eye. The D trace at Agincourt and the V trace at 
Eskdalemuir showed more concentration of disturbance at particiilar hours. A rather 
unusual feature, occurring in Table CLXXIV, is the close approach to equality between 
the ranges in H and D at Agincourt, and the ranges in N and B at Eskdalemuir. Also, 
as it so happens, the ranges at the two stations are nearly equal. 

On August 19, 1912, between 9 h. and 10 h. there was rather a good example of the 
“ special type ” of Antarctic disturbance, particulars of the phases of which are given 
in Table OXL. The hour at which this appeared was included in the Alibag H trace 
and the Agincourt H and D traces. The Eskdalemuir clock stopped at the time, so 
the Kew traces were consulted. The following were the ranges of the movements 
between 9 h. and 10 h. : — 

Antarctic. Alibag. Agincourt. Kew. 

N' IL' V H HD H 

my 87y 63y lly 17y 59y ICy 

At Alibag there was a bay (depression) in H from about 9 h. 6 m, to 9 h. 46 m. 
The Agincourt curves also contained bays (H depressed, D to west of normal) from 
a little after 9h. to 10 h. The westerly swing was considerably the more rapid. At 
Kew there was a bay (depression) in the H curve from about 9 h. 10 m. to 9 h. 50 m. 
The Kew D curve contained a small dimple (easterly deflection of about O'- 5) between 
9 h. 10 m. and 9 h. 20 m., but no further movement until 9 h. 36 m. The movement 
which occurred then, about 3^ to the East, if natural — ^which is not certain — ^was 
doubtfully connected with the disturbance elsewhere. The large size of the D 
movement at Agincourt seems thus very remarkable. 
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Section 125. — ^In the Antarctic on September 17, 1912, conditions had been very 
qniet from 6h. to llh., and* the commencement of the disturbance was gradual. 
Oscillatory movements did not become conspicuous until nearly 14 h. Between about 
13 h. 50 m. and 15 h. 50 m. there were three rather conspicuous oscillations, in which 
the N', E' and V traces showed a close similarity of phase. These oscillations were 
considerabljr smaller in V than in N' or E', and they were more conspicuous in N' than 


Table CLXXV. — 11 h. to 23 h. September 17, 1912. Plate LV. 


Station. 

Element, 

Timi 

Kaximiim, 

3S of 

Minimum. 

Disturbance 

Range. 

Inequality 

Range. 



h. 

m. 

h. 

ni. 

y 

y 

Antarctic 

N' 

16 

43 

20 

30 

266 

40 


E' 

13 

65 

20 

35 

302 

47 


V 

21 

43 

14 

18 

119 

29 

Mauritius 

H 

20 

20 

18 

0 

86 

11 


D 

11 

26 

20 

5 

46 

16 

Buitenzorg 

N 

20 

20 

16 

0 

66 

10 


E 

12 

5 

17 

26 

28 

6 


V 

20 

35 

16 

0 

26 

4 

Alibag 

H 

20 

30 

16 

36 

79 

9 

D 

11 

40 

20 

30 

26 

16 


V 

11 

20 

20 

10 

21 

12 

Honolulu 

H 

17 

66 

20 

40 

65 

14 


D 

17 

18 

21 

7 

29 

60 


V 

14 

35 

20 

18 

18 

32 

Helwan 

H 

20 

16 

17 

60 

no 

21 


D 

20 

16 

11 

20 

82 

30 


V 

21 

10 

20 

20 

42 

10 

Agincourt 

H 

19 

56 

16 

46 

96 

36 


D 

16 

46 

20 

10 

94 

48 

Eskdalemuir 

N 

20 

23 

14 

26 

246 

37 


E 

20 

16 

14 

63 

172 

26 


V 

18 

10 

11 

25 

77 

16 

Sitka 

H 

12 

10 

20 

32 

120 

27 


D 

20 

0 

19 

30 

90 

41 


V 

21 

40 

18 

9 

63 

10 


in E'. The successive crests appeared in the N' curve at about 13 h. 55 m., 14 h. 50 m., 
and 15 hi. 46 m., the amplitudes of the successive (algebraic) rises and falls being 
+ 68y, — 106y, + 119y, — 140y, + 160y and — 89y. The vertical force trace 
contained a good many minor oscillations, but no really large or striking movements. 
The disturbance in the Antarctic moderated but by no means ceased by 23 h. It is 
convenient, however, to treat the subsequent movements independently. A separate 
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and more detailed discussion is also given of the movements occurring between 19^ h. 
and 22 h. 

At Mauritius there was little sign of disturbance in H until after 12 h. Up to 18 h. 
there was a general tendency to fall, the subsequent tendency being to rise. But 
superposed on the slow changes was a series of well-marked oscillations, the crests 
(maxima of H) occurrmg at about 13 h. 60 m., 14 h. 46 m., 16 h. 40 m., 17h. 6 m., 

18 h. 60 m. and 20 h. 20 m. Of these oscillations the last was much the biggest, H 

rising 80y between 19 h. 20 m. and 20 h. 20 m., and falling 68y between 20 h. 20 m. 
and 22 h. The D trace showed no appearance of disturbance until after 14 h. But 
between 7 h. and 11 h. 20 m., the ordinary times of the westerly and easterly maxima, 
there was a range of fully 12'. While the movements seemed quite of the normal type, 
the range was double the normal. Between 11 h. 20 m. and 16 h. 40 m. there was a 
nearly uniform westerly movement of 4^', again about double the normal change. 
From 16 h. 40 nv. to 18 h. 20 m. there was a decided westerly deflection, the movement 

to the west 2J' being about twice the return movement to the east. Between 

20 h. 6 m. and 22 h. there was a much more prominent deflection to the Bast, the 
easterly movement being about 4^', and the return movement a shade less. 

At Buitenzorg there were only small oscillations prior to 12 h. Shortly after 12 h. 
N began to fall somewhat rapidly, the fall between 12 h. and 13 h. amounting to 29y. 
A succession of large oscillations followed, with crests (maxima in N) at about 13 h. 66 m., 
14 h. 40 m., 16 h. 46 m., 17 h. 16 m., 18 h. 66 m. (poorly developc"') and 20 h. 26 m. 
Superposed on these were small short-period oscillations. The mplitudes of the 
successive larger movements were -j- 12y, — 22y, -1- 32y, — 3 y, -[- 36y, — 34y, 
+ 46y, — 33y, -f 14y, — 9y, + 43y and — 38y. These oscillations gave the N trace 
a somewhat jagged appearance. The V trace showed also a succession of oscillations, 
much smaller than those in N, but still corresponding roughly to them. The crests 
(numerical minima) were, however, somewhat later in time than those in N. The 
E trace also showed oscillations, but these did not remain even approximately in phase 
with those in N. 

At Alibag conditions were practically quiet up to 12 h. Between 12 h. 10 m. and 
13 h. 10 m. H fell SOy. There were successive oscillations with crests (maxima of H) 
at about 13 h. 56 m., 14 h. 40 m., 16 h. 60 m., 17 h. 16 m., 18h.60m. (poorly 

developed) and 20 h. 25 m. The amplitudes of the successive movements— which were 
only slightly interfered with by short-period movements — ^were -f- 3y, — 9y, -f- lly, 
— 12y, -f lOy, — 17y, -f 13y, — 12y, -|- 7y, — 4y, + 38y and — 33y. The D trace 
at Alibag gave little indication of disturbance. It was very quiet until 13 h., and 
again after 22 h. A few small bays (westerly deflections) were visible. The largest, 
between 19 h. 30 m. and 21 h., showed a range of 2', the deflection being to the West 
of the normal position. The V trace showed some trifling undulatory movements, 
the largest between 20 h. and 21'J h. 

At Honolulu the H trace showed some disturbance after 12 h. Between 13|h. 
and 15^ h. there were some irregular movements, the largest of which had a double 
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crest (maxima in H) between 14 b. 40 m. and 14 b. 60 m. After 16 b. there were only 
small irregularities until about 19 b. 55 m. Between 19 b. 55 m. and 21 b. 25 m. 
there was a marked bay (depression of H), the fall being 36y and the recovery 19y. 
For some hours subsequently there were only small oscillations. There were no large 
movements in the D and V curves, but there were numerous small irregularities, especially 
in V, and there was considerable interference with the ordinary regular diurnal variation. 

At Helwan the H trace showed a close parallelism to that at Alibag. Successive 
undulations had their crests (maxima in H) at about 13 h. 55 m., 14 h. 36 m., 
16 h. 35 m., 17h. 6 m., 18 h. 65 m. and 20 h. 20 m. The amplitudes of the successive 
movements were + 4y, — 17y, + 14y, — 21y, + lOy, — 33y, + 9y, — 16y, + 17y, 
— 8y, + 103y and — 95y. The D curve showed a few small movements, the largest 
forming a bay (deflection to East of normal) between 19 h. 45 m. and 21 h. The 
movement to the East was 3' -8, the return movement 3''0. The V trace showed 
undulations from shortly before 14 h. until nearly 22 h. The largest led to a 
considerable bay from about 19|- h. to after 21 h. Between 20 h. 0 m. and 21 h. 20 m. 
V fell 25y and rose 42y. 

At Agincourt conditions were quiet until after 13 h., except that the fall normally 
proceeding between 12 h. and 13 h. was faster than usual. From 13 h. 40 m. until 

18 h. minor oscillations were so prominent that the longer period oscillations during 
these hours do not stand out so clearly as at the more southern stations. Also in the 
earlier part of the disturbance it is the turning points representing minima in H that 
are much the more conspicuous. These occur at about 13 h. 55 m., 14 h. 50 m. and 
15 h. 45 m. Later, there were two pronoinent maxima at about 18 h. 65 m. and 

19 h. 56 m., followed by less prominent maxima at about 20 h. 50 m. and 21 h. 20 m. 
to 21 h. 36 m. Of the intermediate minima, occurring at about 19 h. 36 m., 20 h. 30 m. 
and 21 h. 10 m., the second was the most prominent. The largest of the oscillatory 
movements was that occurring between 19 h. 36 m. and 20 h. 30 m. It consisted of 
a rise of 64y and fall of 93y. H was practically quiet for two hours after 22 h. 40 m. 
The D trace at Agincomt contained some considerable oscillations between 13 h. 46 m. 
and 22 h. In the earlier oscillations the extreme easterly positions were the best 
marked, coming at about 13 h. 66 m., 14 h. 50 m. and 15 h. 46 m. They were nearly 
if not quite simultaneous with the minima already noted in H. The westerly 
movements following immediately after these turning points were rapid and represented 
respectively 6', 7|' and ll|r'. The subsequent oscillations had a more roimded outline. 
There were easterly extremes at about 18 h. 55 m. and 19 h. 65 m. These correspond 
to maxima in H, and not to m i ni ma as was the case with the easterly extremes earlier 
in the day. But while H fell continuously from 19 h. 65 m. to 20 h. 30 m., D during 
this time moved 8' to the West and swung back as much to the East. The return 
movement to the East, amounting in all to 12', was not concluded until nearly 

20 h. 46 m. After 22 h. the D trace was quiet. An important feature is that while 
the Agincourt H and D traces both showed a succession of wave-like movements, these 
did not keep in phase. 
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At Eskdalemuir the 17th was very quiet until about 9h. After 11 h. the short- 
period oscillations in N, which had gradually set in, became more prominent, but 
there wore no considerable movements until after 13 h. Longer period oscillations 
then appeared. They were very irregular in form, but there were prominent maxima 
at about 13h.55m., ]4h.55m., 15h.D0m. and 20h. 26m , and less prominent maxima 
about 17 h. 25 m., 18 h. 55 m. and 19 h. 55 m. There were fairly well marked minima 
at about 14 h. 25 m., 15 h. 25 m., 16 h. 45 m., 18li. 25 m., 19 h. 10 m., 20h. 6 m. and 
21 h. 20 m. Taking the movements in pairs the amplitudes were as follows : — 


From 13 h. 66 m. to 14 h. 65 m. 

,, 14 h. 65 nil ,, 15 h. 60 m. 

„ 15 h. 50 m. „ 17 h. 26 m. 

„ 17 h. 25 m. „ 18 h. 56 m. 

., 20 h. 5 m. „ 21 h. 20 m. 


— 72y, -f- 114y ; 

— 109y, -I- 127y ; 

— 122y, -I- 67y ; 

— 48y, -}- 66y ; 
+ 183y, — 211y. 


There were no large movements after 21 h. 20 m., but minor oscillations persisted for 
a number of hours. The E trace at Eskdalemuir was exceedingly quiet until 9 h. or 
10 h. After 1 1 h. it became decidedly disturbed, an algebraic fall of 30y occurring 
between llh. 6 m. and 11 h. 25 m. Subsequently there were only small short-period 
osciillations until after 13 h. 40 m. There were three prominent peaks (minima in E) 
at about 13 h. 66 m., 14 h. 65 ni. and 16 h. 50 ra. The only prominent later movement 
occurred between 19 h. 40 m. and 20 h. 40 m. ; during this time there was a 
rise (algebraic) of 177y and fall of 128y. The Y trace showed little sign of disturbance 
until 14 h. As usual when disturbance occurs during the afternoon, V was decidedly 
above the normal from 16 h. to 20 h. After 20 h. 16 m. there was a fall of 40y to a 
minimum at about 21 h. 6 m. During the next 2 hours there was a slow recovery. 

At Sitlca, though minor oscillations were present, conditions were fairly quiet 
until after 12 h. About 12 h. 20 m. the H and D traces started on what promised to 
be large excursions, but these had been in progress for less than 10 minutes when there 
came a gap in the record which contimied until 16 h. 50 m. After registration was 
resumed, considerable disturbance prevailed until 23 h., when a quieter time appeared. 
There were pretty well marked minima in H at about 17 h. 40 m. and 20 h. 35 m. 
Between 19 h. 26 m. and 21h.50 m. H fell lOOy and rose 87y. There were also 
numerous short-period oscillations. The D trace was also oscillatory. Between 
19 h. 25 m. and 21 h. 10 m. there were movements of 19' to the East and 17' to the 
West. The V trace between 16 h. and 23 h. contained two or three shallow bays 
(enhancements of V), there being a general tendency in the element to rise, but there 
were no conspicuous movements. 

The outstanding feature of the disturbance between 11 h. and 23 h. on September 17, 
1912, was the tendency for the H or N traces to show a succession of waves. Crests 
representing maxima in these elements were recognisable at about 13 h. 65 m., 
14 h. 46 m., 16 h. 45 m., 17 h. 15 m., 18 h. 56 m. and 20 h. 26 m. in the traces at 
Mauritius, Buitenzorg, Alibag, Helwan and Eskdalemuir. The Antarctic N' trace showed 
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algebraic m aYima. (numerical minim a) at the first three of these hours. The Agincourt 
H trace had turning points at or near most of the above times, but the first three were 
minima not maxima. 

Section 126. — The largest movements on September 17, 1912, appeared in general 
between 19 Jh. and 22 h. WMle there were notable 'differences between the different 
stations, all the H or N traces contained a deep bay. In the stations in lower latitudes 
the disturbance in the other elements was, as usual, less prominent. At some of the 
stations, especially the British ones, the disturbance was ob'viously of the rotating 
vector type discovered by R. B. Sangster. The phenomena seemed to merit minute 
study. Accordingly the curves were measured at 6-minute intervals from 19 h. 30 m. 
to 22 h. 0 m. Falmouth and Kew curves were included, as well as those from the 
Antarctic, Mauritius, Buitenzorg, AJibag, Honolulu, Helwan, Agincourt, Eskdalemuir 
and Sitka. Vertical force curves were not available for Mauritius or Agincourt. The 
arithmetic mean was taken of the 31 readings of each element, and the individual 
readings were expressed as differences from it. The N' and E' differences for the 
Antarctic and the H and D differences for Mauritius, AJibag, Honolulu, Helwan, 
Agincourt, Falmouth, Kew and Sitka were converted into the corresponding N and E 
differences, thus getting corresponding results for all the stations. The N, E, V 
differences are given in Table CLXXVI, and are shown graphically in Plate LVI. 
To economise space, in the headings of Table CLXXVI the stations are described by 
the first letter or two letters of the name. As usual in such cases, while the table 
should be studied for exact details, a general idea of the phenomena is most readily 
derived from the diagrams. We see at a glance that the fluctuations in N followed 
a similar course at Mauritius, Buitenzorg, Alibag, Helwan, Falmouth, Kew and 
Eskdalemuir, N rising to a maximum at 20 h. 25 m. or 20 h. 30 m., and then falling 
somewhat more gradually to about its original value. In the Antarctic and at 
Honolulu and Sitka the change is in the opposite direction to that elsewhere, N falling 
to a minimum at 20 h. 30 m. or 20 h. 36 m. and then rising. Agincourt presents 
transitional features. At first N rose, and at a rate greater than that exhibited at the 
same stage of the movement elsewhere. But after 19 h. 65 m. a reverse movement 
set in, and from then until 20 h. 30 m. the movement was oppositely directed 
to the movements at Helwan and Falmouth, the stations nearest in point of 
latitude. After 20|h. the changes in N at Agincourt were oscillatory and less 
prominent. 

The remarkable similarity of the fluctuations in N at Mauritius and Alibag shown 
by Table CLXXVI should be noted. The results accord much more closely than those 
of either station with the Buitenzorg results. 

There is a steady increase in the range of the N movement as we pass from Alibag 
to Helwan, from Helwan to Falmouth, from Falmouth to Kew, and from Kew to 
Eskdalemuir. The difference between Eskdalemuir and Kew exceeds that between 
Ahbag and Helwan, or between Helwan and Falmouth. The N ranges at Sitka and 
the Antarctic are similar to those at Helwan, and are considerably less than at the 
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British stations. While the variations at Falmouth, Kew and Eskdalemuir differ 
considerably in amplitude, they follow a remarkably similar course. 

The Helwan, Falmouth, Kew and Eskdalemuir fluctuations in E resemble one 
another, though the range is much less at Helwan than at the British stations. The 
element rises to a maximum at 20 h. 16 m. or 20 h. 20 m., and then falls at a reduced 
rate to near its original value. The maximum in E appears decidedly earlier at these 
stations than the maximum in N, implying, as we shall see presently, a rotation of the 
horizontal force vector in an anti-clockwise direction. After 21 h., the changes in E 
at these four stations were small and somewhat oscillatory. 

At Honolulu and Sitka E also showed a rise, followed by a fall ; but the maximum 
was reached at 19 h. 66 m., and the element was falling during the principal part of 
the rise at Helwan and the British stations. 

At Mauritius and Agincourt between 19|h. and 20jh. the E movement was 
distinctly opposite to that at the British stations, a minimum appearing at 20 h. 10 m. 

The E movement at Buitenzorg was very small. After 20j h. it closely resembled 
that at Mauritius. 

In the Antarctic E showed a marked fall, followed by an equal rise ; but the 
minimum appeared considerably later than at Mauritius and Agincourt, or than the 
maximum at the British stations. Also the changes in the Antarctic after 20| h. were 
both absolutely and relatively much larger than at the other stations. 

The changes in vertical force were comparatively small at all the stations. The 
sign, it should be noticed, has been counted positive when the force acting on a north 
pole is directed to the earth’s centre. Thus motion up the sheet in Plate LVI 
implies a numerical fall of V in the Antarctic and at Buitenzorg. 

The Antarctic diagram shows a sharp fall and rise between 19 h. 30 m. and 

19 h. 46 m., which seems unrepresented elsewhere, except perhaps at Sitka. After 
that there is a gradual rise with minor oscillations superposed on it. There is also 
an initial fall at Sitka, but it is not rapid and continues until nearly 20 h* 
Subsequently there is a gradual rise, as in the Antarctic. The Helwan N and E 
diagrams resemble those from the British stations, but the Helwan V diagram shows 
a marked depression, the minimum coming at 20 h. 25 m., while the Falmouth and 
Kew diagrams show an oscillation in the opposite direction, the maximum coming at 

20 h. 26 m. The Eskdalemuir diagram shows a less decided maximum, coming a little 
earlier. At the British stations, as is usual on the afternoons of disturbed days, V was 
distinctly above its normal value prior to 19-| h. ; and the fall shown in the Falmouth, 
Kew and Eskdalemuir diagrams after 20^- h. may represent the decline usually 
encountered on disturbed days near midnight. 

The Alibag V diagram shows a very slight depression, with minimum somewhat 
earlier than at Helwan. At Buitenzorg the movement seems in the opposite direction ; 
but the ranges at Buitenzorg, Alibag and Honolulu are small. 

Plate LVII contains vector diagrams showing the simultaneous progression 
of the H and B changes between 19^ h. and 22 h. on September 17, J9J2, The origin 


370 



of the diagram is in all cases at the centre of the cross, the arms of which each represent 
lOy. The line drawn from the origin to any point represents ia direction and 
magnitude the force equivalent to the departure at the time from the mean value for 
the interval 19 J h. to 22 h. When, as sometimes happens, one part of a diagram 
crosses another, the part that is later in time is dotted in the neighbourhood of the 
crossing point. For instance, at Falmouth the line connecting the points corresponding 
to the times 21h. 6 m. and 21 h. 10 m. is dotted near where it crosses the line 
corresponding to the times 19 h. 60 m. and 19 h. 66 m. All the Antarctic 6-minute 
measurements were used, but they were smoothed after the formula (a + 26 + o)/4, 
to prevent the general features being obscured. At Falmouth, Kew and Eskdalemrdr 
the 5-minute measurements were used unsmoothed ; but near 22 h. the use of all 
would have unduly crowded the figure, so the data answering to the following times 
were omitted : — 

At Falmouth . . 16 m, 26 m,, 36 m., 46 m., and 66 m. after 21 h. ; 

At .Kew . . . . 30 m., 36 m., 46 m., and 66 m. after 21 h. ; 

At Eskdalemuir . . 36 m., 46 m., and 66 m. after 21 h. 

At the other seven stations account was taken only of the readings at 10-minute 
intervals commencing with 19 h. 30 m. Also to avoid confusing the figure, it was 
necessary to omit points answering to times later than 21 h. 40 m. at Honolulu and 
Agincourt, or than 21 h. 60 m. at Mauritius and Helwan. 

When considering vector diagrams it has to be remembered that while the relative 
positions of consecutive points on the diagram are independent of the choice made 
of base or standard values in the elements, that is not true of the vector itself, which 
depends on the position of the origin. In the present case, the origin represents 
the mean value of the elements between lOj h. and 22 h., which certainly differed 
from the average undisturbed value for the same period of the day. If we 
had taken as our standards the mean values of N and E between 19h. 66 m. and 
21 h. 10m., the origins for Falmouth, Kew and Eskdalemuir would have fallen near 
the centre of the complete loop, and the changes in the length and azimuth of the radius 
vector would have differed considerably from those exhibited in Plate LVII. Thus 
probably little, if any, significance really attaches to the fact that in the diagrams as 
drawn for the three British stations the direction of rotation of the vector shows a small 
reversal between 20 h, 40 m. and 20 h. 60 m. 

Another point to be remembered is that we have made no attempt to eliminate 
the changes of force normal to the period of the day. If disturbance were simply 
something extraneous, superposed on the normal changes, an elimination of the latter 
would obviously be not merely easy but desirable. But disturbance modifies the regular 
diurnal variation, and to a degree which is different for the difierent elements and 
different for the different stations. Thus if one attempts to eliminate the regular diurnal 
changes one may be simply adding to the imcertainties. The time when the disturbance 
occurred is one during which the normal diurnal changes happen to be slow at most 
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of the Btations concerned. This is true especially of the stations in Great Britain. It 
is less true of Honolulu, Agincourt, Sitka and the Antarctic. 

The rotation of the vector in Plate LVII is especially proniinent at Falmouth, 
Kew and Eskdalemuir. At aU three stations the tendency to rotate sets in at about 

19 h. 56 m., and ceases to be prominent about 70 minutes later. In the course of that 
time the vector has travelled completely round the circle, in the anti-clockwise direction. 
The phenomena show a considerable resemblance to those observed at Kew and 
Eskdalemuir on August 22, 1916, about the same time of day. On that occasion also 
the vector diagram was almost a complete loop, the revolution occupying from 19 h. 48 m. 
to 20 h. 48 m. On both occasions the principal difference between Kew and 
Eskdalemuir was the greater range in N at the more northern station, but the excess 
was much greater on August 22, 1916, than on September 17, 1912. This suggests, 
of course, that the disturbance in 1916 may have been more local in its incidence than 
that of 1912. 

Most of the vector diagrams in Plate LVII show a clear rotation of the vector, 
but the times when the rotation is most prominent and even the direction of rotation 
vary. On the whole, the direction is distinctly anti-clockwise in the Antarctic and 
at Helwan and Agincourt ; but it is equally distinctly clockwise at Mauritius, Alibag, 
Honolulu and Sitka. At Biiitenzorg there is a complete loop from about 20 h. 20 m. 
to 21 h. 20 m. which is described clockwise, but later the motion seems anti-clockwise. 
In the Antarctic and at Mauritius, Buitenzorg, Alibag, Honolulu and Helwan the 
elongation of the diagram in one direction is a more prominent feature than the existence 
of a closed or nearly closed loop. At Mauritius, Buitenzorg, Honolulu and Helwan 
the elongated direction is inclined slightly to East of North ; at Alibag, however, the 
direction is slightly to West of North. In the Antarctic the elongated direction runs 
roughly from E.N.E. to W.S.W. 

The positions on the diagram of the points corresponding to 19 h. 30 m. and 

20 h. 30 m. are in all cases except Agincourt strongly opposed. But whereas the 19j h. 
point comes near the foot of the diagram at Mauritius, Buitenzorg, Alibag, Helwan, 
Falmouth, Kew and Eskdalemuir, it comes at the top in the Antarctic and at Honolulu 
and Sitka. 

Section 127. — ^As measurements had been made at 6-minute intervals, the 
opportunity was taken of calculating activities ” by means of Bidlingmaier’s formula, 
taken as (l/8ir)2T^®/31, where 17 is the departure from the accepted standard value. 
What to take as standard value was something of a difficulty. In the case of an 
ordinary bay disturbance, occurring during an otherwise undisturbed time, the value 
of the element at the beginning of the disturbance, or the arithmetic mean of the values 
at the beginning and end, will usually make a close approach to the normal quiet day 
value at the same time ; whereas the mean value for the time during which the 
disturbance lasts will usually depart considerably from the corresponding quiet day 
value. On September 17, 1912, the bay disturbance was preceded by other disturbances, 
which at some of the stations were of considerable amplitude, At the less disturbed 
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stations tile value of the element before the bay began was undoubtedly nearer the 
normal undisturbed value than was the mean derived from the 31 6-minute 
measurements. Considering the several uncertainties, it was decided to calculate two 
sets of “ activities.” The first set, given in Table CLXXVII, takes as standard the 
mean value of the element derived from the 31 measurements. The second set, given 
in Table CLXXVIII, takes as standard the value of the element at 19 h. 30 m., that 
being accepted as the time of commencement of the bay. The unit in both tables is 
10““ erg. 


Table CLXXVII. — “ Magnetic Activity ” from 19 h. 30 m. to 22 h. 0 m., September 17, 
1912 (unit 1 X 10““ Erg per c. cm.). (The standard values are the mean values 
during the interval.) 


Statiuli. 

H. 

V. 

N, 

- 

K. 

V. 

HorL 

Plauo. 

Tiiree 

CounwnontH. 

Antarcitici 

64-7 

1D3-5 

42-7 

176-3 

19-0 

218-2 

237-3 

Mauritius 

21-4 

3-6 

23-1 

2-2 

— 

25-0 

— 

Buitonzorg 

— 

— 

6-6 

1-0 

1-2 

6-6 

7-8 

Alibag 

•18-3 

1-9 

18-3 

1-8 

0-7 

20-2 

20-9 

Honolulu 

5-0 

2-2 

4-8 

3-0 

0-3 

7-8 

8-0 

Helwan 

42-6 

3-5 

43-3 

2-6 

6-4 

46-1 

62-6 

Agincourt 

19-5 

6-6 

18-9 

7-1 

— 

26-1 

— 

Falmoutli 

48-3 

94*7 

70-7 

72-0 

8-2 

143-0 

161-2 

Kew 

67-9 

95-5 

97-1 

66-1 

6-9 

163-4 

170-4 

Eskdalemuir 

— 

— 

164-6 

80-2 

12-7 

234-7 

247-4 

Sitka 

30-9 

18*8 

36-4 

14-3 

10-2 

49-7 

69-9 


Table CLXXVIII. — “Magnetic Activity” from 19|h. to 22 h. September 17, 1912 
(unit 1 X 10““ Erg per c. cm.). (The standard values are the values at 19 h. 30 m.) 


Station. 

H. 

B. 

N. 

E. 

V. 

Horl 

Plano. 

Throo 

Ooinpuiionts. 

Antarctic 

294-8 

684-3 

196-8 

684-0 

62-4 

879-2 

941-6 

Mauritius 

82-0 

6*8 

86-8 

2*C 

— 

88-8 

— 

Buitonzorg 

— 

— 

28-6 

2-0 

3-8 

30-6 

34-3 

Alibag 

66-6 

2-6 

56*6 

2-4 

0-7 

69-1 

69-9 

Honolulu 

24-9 

4-2 

22-4 

7-8 

0-3 

29-0 

29-3 

Helwan 

103-2 

4-9 

103-9 

3-2 

7-0 

108-1 

116-2 

Agincourt 

19-6 

11-4 

18-9 

11-9 

— 

30-9 

— 

Falmouth 

73-2 

190-4 

131-3 

132-6 

10-7 

263-6 

274-4 

Kew 

108-7 

179-8 

170-8 

117-7 

16-9 

288-6 

304-6 

Eskdalemuir 

— 

— 

200-6 

160-9 

39-6 . 

361-4 

40M 

Sitka 

118-9 

62-2 

164-8 

15-3 

16-0 

181-1 

196-1 


At the Antarctic and at the stations which recorded H and D, “ activities ” 
were calculated both from the original curve measurements and also from the 
corresponding values in N and E. The first two columns in Tables CLXXVII and 
CLXXVIII are headed H and D, the entries in them being derived from the 
measurements of H and D curves at aU the stations except the Antarctic. But for 
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the Ajatarotio the entry in the H column, really refers to N', and that in the D column 
to B'. Except at Buitenzorg and Eskdalemuir, the changes in N and E were calculated 
from the measured changes in H and D. In each case of course 

AN** + AEa == AH* + AD*, 

but agreement to O’ly* could not be expected unless more significant figures were 
retained in the values of AN and AE than was actually done. The AH, AD figures 
being in nine cases out of the eleven the fundamental ones, the values of the “activity” 
in the horizontal plane were in these cases derived from the first two columns, retaining 
however in the calculation one figure beyond that actually shown. It will be found, 
however, that the sum derived from the third and fourth columns always comes close 
to the value assigned to the horizontal plane. 

The last column is in general based on the figures in the first, second and fifth 
columns. It contains no entry for Mauritius or Agincourt, as vertical force curves 
were not available for these stations. 

From the mathematical properties of the mean ordinate, when corresponding 
figures in Tables CLXXVII and CLXXVIII differ, the figm-e in Table CLXXVIII is 
necessarily the larger. There is a substantial difference in every case except at 
Agmcourt, where the mean value of H between 19 J h. and 22 h. was practically identical 
with the value at 19 h. 30 m. 

Both tables agree in making the “ activity ” from the vertical component everywhere 
small compared to that from the horizontal components. They also both make the 
contribution from D or E small compared with that from H or N at Mauritius, 
Buitenzorg, Alibag, Honolulu and Helwan ; and they make the “ activity ” at 
Buitenzorg and Honolulu very decidedly less than at Mauritius, Alibag or Helwan. 
The two tables further agree on the following points : “ activity ” at Sitka exceeds that 
at Helwan, the contribution from D being much larger at the more northern station, 
but the “ activity ” in the horizontal plane is considerably less at Sitka than at the stations 
in Great Britain. “ Activity ” is slightly greater at Kew than at Falmouth, and 
considerably greater at Eskdalemuir than at Kew. The contribution from N exceeds 
that from B at Kew and Eskdalemuir, but at Falmouth the contribution from E is 
slightly the larger. The contribution from D considerably exceeds that from H at both 
Falmouth and Kew. 

In the Antarctic the contribution from E' much exceeds that from N', and 
the contribution from E is stiU more in excess of that from N. 

The view one takes as to the relative values of the “ activity ” in the Antarctic 
and in Britain depends on the view taken as to the standard value. According to 
Table CLXXVIII “ activity ” was much greater in the Antarctic than in Britain, 
whereas according to Table CLXXVII the Antarctic value, while exceeding the values 
at Falmouth and Kew, fell short of that at Eskdalemuir. 

In the case of the measurements at 6-minute intervals during term hours it was 
found that (l/12)^'/;*/B,'*, where R is the range of the element for the hour and rj the 
representative departure from the mean value for the hour, showed an approach to 


374 



constancy, the mean value obtained for this constant being approximately 0‘09. 
It was thus of interest to compare the values obtained in the present case for (1/31) 
with the corresponding squares of the ranges for the total interval of 2^ hours. This 
was done for the two horizontal components combined, and for all three components 
combined. In the first case the ratio was found which the sum of the values 
of (l/ 31 )Sj /2 from the two horizontal components bore to + Rg^, and in the 
second case the ratio which the sum of the values of (l/31)Sr/® from the three 
components bore to Ri® + Rg® + Rg®. Here Ri, Rg and Rg represent the ranges in the 
three components, as derived from the measurements at 5-minute intervals. 


Table CLXXIX. — 'Ratios of “ Magnetic Activity ” to Squares of Ranges. 

September 17, 1912. 


station. 

(1/31)2j/- in Horl. Plano. 

(l/31)2)j“ from 3 components. 

R,- -f IV, 

E,='-|-Ra=‘+ 

Antarctic 

■082 

•080 

Mauritius 

•'089 

— 

Buitonzorg 

•084 

•087 

Alibag 

•098 

•097 

HonoJulu 

•088 ■ 

•086 

Helwan 

•109 

•108 

Agincourt 

Falmouth 

•061 

•088 

•088 

Row 

•088 

•090 

Eskdalemuir 

•079 

•081 

Sitka 

•079 

•083 

Mean 

•08G 

•089 


The results appear in Table CLXXIX. The value of the ratio is very sensibly 
lower at Agincourt and very sensibly higher at Helwan than at the other stations. 
The departures at the other nine stations from the value • 09 are comparatively small. 

Section 128. — The Antarctic curves were interrupted for some time between 
23 h. and 24 h. on September 17, and it was convenient for other reasons to consider 
the disturbances on the 17th and 18th separately, but there is no really clear hne of 
separation, and they may well have been parts of a single disturbance. On the 18th 
the most disturbed times in the Antarctic were from 0 h. to 2 h., from 6 h. to 8 h., and 
from 11 h. to 13 h. Between 0 h. and 2 h. there were ranges of 102y in N', lOOy in 
E', and 33y in V. The chief E' movement took the shape of a bay. Between 6 h. 
and 8 h. N' had a range of 102y, E' of IlOy and V of 48y. These movements were of 
a somewhat irregular character. Between 11 h. and 13 h. the N' and B' movements 
were more regular, the two elements executing a large oscillation, during a considerable 
part of which the movements were roughly in phase. The commencing movements were 
a rise (algebraic) in N' and fall in B', the movement in E' being concluded before 
that in N'. The subsequent fall in N' exceeded the rise, and during it E' first rose 
smartly to a T ua^Timum and then fell to a minimum, which was practically coincident 
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in time with a minimiiTn in N'. The total ranges duriog the two hours were 126y 
in N', 166y in E', and 40y in V. 

At Mauritius the H trace received stopped at 13 h., but it is hardly likely that the 
range given in Table OLXXX was exceeded. In the case, however, of D, where the 
record stopped at 10 h., the range given in the table was probably exceeded. About 
6 h. 20 m. there was a sharp rise of about lOy in H, and the curve retained a crested 
appearance until 6 h. 50 m., when a rapid fall brought the trace to about its original 
level. From 8 h. to 11 h. 40 m. there was a steady fall, in all about 60y. This is 
in the same direction as the normal change for the interval, but about four times as 
large. The D trace showed practically nothing but the normal diurnal variation. 


Table OLXXX. — Oh. to 14 h. September 18, 1912, Plate LVIII. 


Station. 

Moment, 

Tim 

Maximum. 

as of 

Minimum. 

Disturbance 

Eange. 

Inequality 

Eange. 



h. 

m. 

h. 

m. 

y 

y 

Antarctic 

N' 

11 

66 

2 

21 

260 

57 


E' 

7 

27 

11 

46 

227 

49 


V 

0 

35 

12 

40 

87 

33 

Mauritius 

H 

6 

25 

11 

40 

64 

19 


D 

3 

0 

6 

60 

29 

29 

Buitenzorg 

N 

1 

55 

7 

30 

64 

38 


E 

7 

26 

2 

60 

32 

31 


V 

6 

20 

0 

0 

22 

16 

Alibag 

H 

0 

20 

3 

6 

34 

29 

Honolulu 1 

H 

11 

66 

3 

37 

36 

10 


D 

7 

15 

3 

40 

12 

18 


V 

11 

35 

3 

36 

10 

16 

Helwan 

H 

13 

20 

7 

10 

32 

32 


D 

C 

35 

10 

46 1 

72 

52 


V 

4 

40 

7 

46 

22 

22 

Agincouit 

H 

5 

25 

2 

56 

42 

21 


D 

1 

0 

3 

60 

80 

24 

Eskdalemuir 

N 

6 

20 

11 

43 

82 

36 


E 

7 

20 

12 

33 

66 

36 


y 

14 

0 

1 

69 

24 

8 

Sitka 

H' 

7 

13 

11 

61 

93 

6 


D 

7 

8 

11 

44 

107 

21 


V 

3 

56 

11 

69 

137 

6 


The Buitenzorg trace ceased at 10 h., and the range data in Table OLXXX are 
correspondingly restricted. The N trace showed numerous short-period oscillations. 
Between 6 h. and 7^ h. N fell 41y. The natural change during this time is a fall, but 
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only of about 15y. After h., instead of continuing to fall, as it would naturally 
have done for some hours, N showed at first a small rise, and then small oscillations 
about a nearly level value. The B and V traces showed small signs of disturbance. 

From Alibag only H trace was received. There was a small elevation, centring 
about h., and a small depression centring about 11| h., but there was no movement 
of any considerable size. 

At Honolulu the H trace contained a succession of irregular movements between 
4 h. and 13 h. Between 6 h. 0 m. and 7 h. 26 m. there was a fall of lOy and rise of 
15y. Between 11 h. 26 m. and 11 h. 66 m. there was a rise of 19y. These were the 
largest individual movements. 

At Helwan there were a small elevation and depression in H corresponding to those 
at Alibag, but apart from these the trace was nearly quiet. The D trace was smooth, 
but the normal range was exceeded. 'Pho V trace contained small dimples, synchronous 
with the elevation and depression in H, but was otherwise quiet. 

At Agincourt there was a decidedly quiet time between 23 h. on the 17th and 

0 h. 30 m. on the 18th. The H trace was appreciably disturbed between 0 h. 30 m. 
and 8 h., and again between 11 h. and 13 h., the largest movements occurring between 

1 h. and 4 h. Between 0 h. 40 m. and 3 h. 40 m., the following successive movements 
occurred : — 22y, -\~ 31 y, — 40y and + 33y. Superposed on these were at times small 
short-period oscillations. Between 8 h. and 11 h. there were only small oscillations. 
There was a bay (depression) between llj h. and 13 h., the fall between 11^ h. and 
11| h. amounting to 22y. The D trace showed almost continuous disturbance from 
0 h. 40 m. to 13 h., except for a quiet interlude from 10|h. to ll|h. Between 
0 h. 46 m. and 1 h. 6 m., there was an easterly swing of 7^'. Between 3^ h. and 4J h. 
there were movements of 14' to West and 10' to East. Between h. and 8j h. there 
were the following movements, the first being slightly interrupted : 10^' to West, and 
lOj' to East. There was westerly deflection between 11 h. and 13 h., but not large. 

At Eskdalemuir the N curve exhibited numerous small irregular movements until 
after 16 h. The largest movements occurred between 6 h. and 7 h., and between 
11| h. and 12| h. Between 6 h. 6 m. and 6 h. 20 m. N rose 29y, and between 6 h. 20 m. 
and 7 h. 20 m. it fell 44y. Between 11 h. 30 m. and 12 h. 30 m. there was a fall of 
30y and rise of 67y, the latter somewhat interrupted by minor oscillations. The E 
curve was generally disturbed until 16^ h., when it became very quiet. The largest 
movements occurred between Oh. 46 m. and 2h., and between ll^h, and 13 h. 
Between 0 h. 46 m. and 2 h. 16 m. there was an algebraic fall of 26y and rise of 39y. 
Between 11 h. 26 m. and 12 h. 26 m. there was an algebraic rise of 17y and fall of 33y. 
During the 18th there were some undulatory movements in V, but of very tr ifli pg 
magnitude. 

At Sitka the larger movements had subsided before the end of the 17th, but the 
H and D curves continued to show numerous small short-period oscillations. These 
remained prominent until 6 h. on the 18th, and recurred at intervals later in the day. 
Larger movements of longer period became more prominent in H and D after 2 h. 
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These were largest between 6^ h. and 8|- b,, and between 11| h. and 13 b., when they 
were accompanied by considerable movements in V. Between 7 h. 0 m. and 7 b. 45 m. 
H rose 62y and fell 49y. Between 8 b. 0 m. and 9 b. 30 m. H fell 31 y, rose 49y and 
fell 38y. Between 11-^ h. and 13 b. there was a decided bay (depression) in H, but 
minor oscillations interfered with the regularity of its outline. D was throughout 
at least as much disturbed as K. Between 6 b. 15 m. and 8 b. 6 m. there was an 
irregular shaped bay, D at 7 b. 10 m. being 16|-' more easterly than at 6 h. 15 m., and 
24' more easterly than at 8 h. 6 ni. Between 11 b. 30 m. and 12 b. 30 m. there were 
swings of 13|' to the West, and 12' to the East. V fell 46y between 7 b. 5 m. and 
7 b. 40 m. Between 9 b. 55 m. and 12 b. 0 m., there was a total fall of lOOy, interrupted 
about 11^ h. by a sharp rise of 16y. After 12 h. V rose at a gradually diminishing 
rate until about 14| b. ; the rise between 12 b. and 14 h. amounted to 81 y. 

The disturbance on September 18, 1912, though generally felt was nowhere very 
prominent. In the Antarctic the range was considerable, especially in N', but the traces 
showed much less signs of agitation than during the 17th, and disturbance was much less 
persistent. The N range at Buitenzorg was also considerable, especially as the last 
4 hours were unrepresented, but, apart from the numerous short-period oscillations 
the general aspect of the trace was much quieter than on the 17th. At Alibag and 
Helwan irregularities were inconspicuous. Eslcdalemuir, though much more disturbed 
than these two stations, showed nothing like the disturbance of the previous day. 
Honolulu, relatively considered, showed a decidedly more disturbed state of matters 
so far as H is concerned. The range was considerably leas than on the 17th, but the 
general aspect of the curve was decidedly disturbed. At all these stations the H or N 
curve was much more disturbed than the D or B curve. At Agincourt, however, the 
D trace was decidedly the more disturbed, and the range in that element was only a 
little less than on the 17th. At Sitka a fair comparison is impossible between the 17th 
and 18th, owing to loss of trace on the 17th. The disturbance on the 18th was, as 
usual, decidedly larger at Sitka than at any of the other co-operating stations. In 
H and D there were numerous oscillations of considerable size, and the excess in the 
activity of the disturbance over that at Eslcdalemuir, for instance, was much greater 
than the mere ranges suggest. The V trace at Sitka was comparatively free from 
minor oscillations, but the range in that element exceeded the H and D ranges at 
Sitka and the V range in the Antarctic. The largest movements at all the stations 
occurred at one of the three times when the largest movements occurred in the 
Antarctic. In the Antarctic itself the disturbance between 11 h. and 13 h. made most 
appeal to the eye, and the same was true of Honolulu and Bskdalemuir and, on the 
whole, of Sitka. At Agincourt, however, the movements between 11 h. and 13 h. 
were less than those between 6 h. and 8 h., and very decidedly less than those between 
1 h. and 3 h. 

Section 129. — Disturbance existed throughout the greater part of September 24, 
1912, and to a minor extent during the earlier hours of the 25th, but there was a 
comparatively quiet time from 12 h. to 14 h. on the 24th. It thus appeared the most 
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convenient plan to consider separately what preceded and what followed 14 h. on the 
24th. 

In the Antarctic the disturbance on September 24 did not exceed that customary 
until about 1-|- h., when increased liveliness became apparent, especially in N'. The 
largest movement in N' was a fall of 157y — ^interrupted only by small osoiUations — 
between 2 h. 60 m. and 3 h. 23 m., when the minimum (numerical maximum of S') 
was reached. A general movement in the reverse direction followed until the 
attainment of the maximum at 9 h. 52 m. This rise had numerous short-period 
oscillations superposed on it, and was arrested once or twice for some time. On the 
whole, however, it was of the same general character as the normal change for the same 
time of day, only five times as large. After 10 h. N' fell decidedly, returning to about 
its normal value by 13 h. 'Thus the phenomena in N' may be described generally as 
an enhancement of the ordinary regular diurnal variation. The same was true of E', 
only tlie enhancement in its case was less, and the rise to the maximum at 8 h. 38 m, 
was much less regular and more interrupted than in the case of N'. Inhere were some 
rather rapid oscillations in E' near 10 h., the following changes occurring between 

9 h. 60 m. and 10 h. 20 m. : -|- 39y — 71y, OOy and — IlOy. E' continued to fall 
somewhat rapidly after 10| h., and from 12 h, to 14 h. was somewhat below its normal 
value. V showetl no really conspicuous rapid movements. The largest there were 
occurred near 10 h. T''he V trace had a general trend downwards (numerical increase) 
from 3 h. to the minimum at 10 h. 17 ra. A decided reverse movement set in about 

10 h. 40 m., and continued until a little after 14 h., when the element had returned to 
about its normal value. Thus in the Antarctic, in all the elements alike, the 
phenomena between 3 h. and 10 h. amounted in the main simply to an increase of the 
normal diurnal variation. 

At Mauritius there was a general fall in H from 1 h. to 10 h., and then a rise until 
14 h. 'TJicre were a few interruptions, but the reverse movements were small. 'The 
maximum occurred ab(jut 3 liours before the xisual time, and the minimum— 
which, however, is normally of a very roimded character — ^was also some hours early. 
'The range, moreover, was about four times the normal. Between 9 h. 60 m. and 
10 h. 15 m. three rapid changes in H, respectively — lly, + 9y and •— Sy, appeal to the 
eye. The major movements in the D extrve represented fairly the ordinary diinnal 
changes. There were, however, some short-period oscillations, the most prominent 
between 9 h. 40 m. and 10 h. 20 m., when the following movements occurred : to 

East, ll-' to West, 1' to East and 1' to West. Both H and D were very quiet between 
13 h. and 14 h. 

At Buitenzorg distxrrbance began to be manifest about 0 h. 20 m. From 0 h. 40 m. 
until the minimum was reached at 10 h., the general trend in N was downwards, the 
motion accelerating after 1 h. 40 m. There were numerous short-period oscillations 
and some minor reverse movements of longer period, but nothing very conspicuous. 
There were three sharp movements following one another in immediate succession 
between 9 h. 56 m. and 10 h. 15 m., being respectively a fall of 23y, a rise of 29/ and 
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a fall of I6y. From 10 h. 15 m. to 12|- h. there Was a smart recovery, amounting in 
all to 76y. Tlie rYiinimmu occurred about the usual hour, but the preceding fall set 
in several hours earlier than usual and was about four times the usual size. Usually 
the N trace is almost level for some hours about the time of minimum, so the rise 
between J.0 h. and 12 h. has no parallel iu the regular diurnal variation. The E trace 
contained a few short-period oscillations. The minimum and maximum occurred 
about the usual time, but the range was enhanced. The most conspicuous departure 
from quiet conditions consisted of three movements near 10 h. The two largest and 
latest of these were respectively a fall and a rise, each of about lOy in 10 minutes. Prom 
10 h. 20 m. to 11 h. 46 m. there was a gradual fall of 26y, from three to four times the 
normal change. The maximum (numerical minimum) of V occurred about the usual 
hour, but the minimum was reached some hours earlier than usual, and the range was 
nearly double the normal. There were sharp movements in V near 10 h., apparently 
synchronous with those in E, but less than two-thirds of their size. 

At Alibag the minimum in H appeared several hours earlier than usual, and the 
previous fall was much above the normal. Instead of the usual fall of about 12y between 
10 h. and 13 h., there was a rise of 46y. Between 13 h. and 14 h. the curve was nearly 
level. Thus the phenomena Avere closely similar to those observed in H at Mauritius 
and N at Buitenzorg. 

The traces received from Honolulu did not commence until 3| h. At that time 
H was falling rapidly. According to the official publication, from which some of the 
information in Table CLXXXI is derived, the fall set in actively about 1| h. It was 
particularly rapid between 2| h. and 3^ h., amounting to 32y in the course of an horn*. 
The fan to the minimum was very largely in excess of the normal, and the minimum 
was reached several hours before the usual time. Subsequent to the minimum, the. 
general trend in H was upwards, but imtil lOf h. the rise was not rapid, and it was 
interrupted by oscillations. There was a somewhat conspicuous double oscillation 
between 9 h. 66 m. and 10 h. 20 m., consisting of the following movements : — 12y, 
-|- lOy, — 7y, -j- 3y. The first three of these movements seem to correspond with those 
described at Buitenzorg and Mauritius. After lOfh. the rise became more rapid and 
less interrupted, gradually falling off, however, in rapidity after 12 h. At 14 h. H was 
still decidedly below the normal. The D trace at Honolulu showed small signs of 
disturbance, but the needle pointed more easterly than usual between 8h. and 11 h. 
The V trace also showed in general very little sign of disturbance, but there was a 
decided double oscillation near 10 h., — 6y, 9y, — 4y, -f By, synchronous apparently 

with the double oscillation in H already described. 

At Helwan the morning fall in H was augmented. The hour of m i nim u m appears 
delayed, but that arises from the fact that it was reached during the rapid oscillations 
which presented themselves there as elsewhere near 10 h. These movements closely 
resembled those at Alibag, the changes occurring during 20 minutes being — 15y, 
-j- 21y and — 7y. The D trace was less disturbed, but it showed movements near 10 h. 
synchronous apparently with those in H. Owing to the interruption of the curve by 
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the time mark, the nature of their commencement is somewhat indistinct. But the 
movements which corresponded to the two last in H were I'-i to the West and O'" 7 to 
the East respectively. The V trace was a little undulatory. Near 10 h. there was a 
somewhat rapid fall of 7y in about 10 minutes, corresponding apparently with one 
of the movements in the other elements. 


Table CLXXXL— 0 h. to 14 h. September 24, 1912. Plate LVIII. 





Times of 

\ 

Disturbanoo 

Inequality 

Station. 

Elomont. 

Maximum. 

Minimum. 

Ban^e. 

K^ge. 



ii. 

111, 

h. m. 

Y 

Y 

Antarctic 

N' 

9 

52 

3 23 

361 

67 


E' 

8 

38 

12 66 

244 

47 


V 

1 

20 

10 17 

210 

33 

Mauritius 

H 

0 

20 

10 0 

74 

19 


D 

9 

65 

6 40 

41 

34 

Buitenzorg 

N 

0 

36 

10 0 

162 

40 

E 

7 

36 

2 6 

60 

31 


V 

6 

40 

10 5 

29 

17 

Alibag 

H 

0 

30 

10 0 

96 

20 

Honolulu 

H 

0 

32 

6 11 

96 

10 


D 

10 

16 

5 20 

22 

17 


V 

10 

7 

4 36 

17 

16 

Helwan 

H 

0 

20 

To 0 

62 

32 


D 

2 

65 

10 6 

44 

62 


V 

6 

0 

8 40 

16 

22 

Agincourt 

H 

0 

25 

6 30 

109 

24 

D 

6 

10 

9 66 

263 

24 

Eflkclalemuir 

N 

2 

46 

9 69 

126 

34 


E 

3 

6 

6 38 

127 

36 


V 

U 

0 

6 0 

60 

8 

Sitka 

H 

12 

33 

9 66 

467 

6 


D 

10 

17 

2 46 

291 

21 


V 

4 

39 

9 68 

696 

6 


At Agincouxt H began to fall decidedly after 0 h. 30 m., and became decidedly 
disturbed after 2^ h. Disturbance remained active until ll|h. Between 4 h. and 
10 h. H was markedly depressed. The largest movements occurred between 3^ h. 
and 9 h. Between 3 h. 60 m. and 4 h. 40 m. H fell 84y and rose 49y. Between 4 h. 40 m. 
and 6 h. 20 m. it fell 5Sy and rose 60y. A very rapid oscillation, a fall of 27y and rise 
of 31y, occupying less than 10 minutes, occurred just before 10 h. The D curve was 
but little disturbed until after 2j h. Prom 3 h. until 11 h. there was a succession of 
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considerable oscillations. Between 2 h. 60 m. and 4 b. there were movements of 18^' 
to the East, and 24|^' to the West. Between 4 h. and 6 h. there was another oscillation, 
24j' to the East, and 7' to the West. Between 7 h. 25 m. and 9 h. 5 m. there were 
movements of 18' to the West and 14' to the East. Einally between 9 h. 6 m. and 11 h. 
there were movements of 30' to the West and 30|' to the East. 

At Eskdalemuir there was a good deal of minor disturbance on the 23rd, but this 
had pretty well disappeared by 22 h. Near midnight disturbance began to increase 
again in N, and the curve remained considerably disturbed until 12 h. on the 24th. 
The largest single movement was a fall of 71y between 5 h. 55 m. and 6 h. 50 m. There 
were some rapid movements commencing about 9 h. 55 m., the fii'st a sharp rise of 
lOy, but the interruption of the trace by the hour mark somewhat obscures their 
real character. Apparently there were three movements ; the second, slightly 
nterrupted, was a fall of apparently about 28y. Tlie E trace began to show slight 
disturbance shortly after 0 h., and there were considerable movements between 2|- h. 
and 10|- h. Between 2 h. 26 m. and 3 h. 5 m., E rose 46y. Between the maximum 
at 3 h. 6 m. and the minimum at 6 h. 38 m. there was an almost continuous fall of 127y. 
Between 9 h. 56 m. and 10 h. 25 m. there were some rapid movements, resulting 
on the whole in a fall of 64y. The V curve showed no sign of disturbance until 2 h., 
when a fall became visible. After a slight recovery, a further fall set in about 3 h. 10m., 
and continued rmtil the minimum was reached at 5 h. The total fall between 2 h. 
and 6 h. amounted to 45y. Prom 6 h. to 10 h. V rose gradually. Between 12 h. and 
14 h. the trace was very quiet. 

The curves received from Sitka did not commence until after 1 h. ; at that time 
they already showed slight tiaces of disturbance, wliich gradually increased. After 
3 h. the energy of disturbance markedly developed, and there was a still further 
increase after 7 h., the movements between 7 h. and 11 h. being very large indeed. 
The intensity of disturbance declined rapidly after 11 h. By 14 h. only small short- 
period oscillations remained, and the elements had nearly assumed their normal values. 
H was markedly depressed between 6 h. and 11 h., especially between 9 h. and 10^ h. 
The trace was highly oscillatory throughout, some of the oscillations being large as well 
as rapid. Near 8 h. in the course of 5 minutes H increased 147y. Between 9 h. 55 m. 
and 10 h. 20 m. there were two oscillations, the movements being -f- 216y, — 211y, 
+ 168y and — 162y ; i.e., the rises and falls were very nearly equal. Between 
10 h. 20 m. and 10 h. 40 m. there was a rise of about 383y. In the D trace larger 
movements began about 3 h. 20 m. Prom then until after 10 h. the trace was highly 
oscillatory. Prom 6j h. to 10 h. the general trend was to the East. Between 5^ h. and 
9j h. there was a succession of 10 oscillations of roughly equal periods superposed on 
the easterly drift, and these oscillations had in their turn smaller oscillations of much 
shorter period superposed upon them. The extreme easterly position was presumably 
shown too faintly in the original curve to be visible in the copy received, which shows 
a blank from 10 h. 5 m. to 10 h. 26 m. The details respecting it in Table CLXXXI 
are derived from the official publication. Between 10 h. 26 m. and 10 h. 66 m. there 
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was a westerly movement of 32'. The V curve showed only minor movements until 
after 3 h., when a marked rise commenced. In the course of the next 40 minutes the 
element rose 87y. Minor oscillations continued until about 0 h., when a decided fall 
began. This was interrupted by numerous small short-period oscillations, and by a 
rise of about 92y between 7 h. 43 m. and 8 h. 5 m., and again by oscillations of 
moderate period between 9 h. 6 m. and 9 h. 35 m. The total fall between 6 h. and 
the minimum at 9h. 58 m. amounted to 676y. The recovery after 10 h. was also 
interrupted, but the total rise between 10 h. and 11 h. amounted to 49 8y. Between 
11 h. and 12 h. 45 m. there was a further rise of 108y. Between 7 h. and 12 h. the 
depression in V was most conspicuous, the curve being pyramidal in appearance. 

There are several interesting phenomena in this disturbance. The most prominent 
feature, except at the North American stations, was perhaps the enhancement of the 
regular diurnal variation in H or N. The time of the minimum in H. or N was also 
in most cases advanced, and the rise after the minimum was abnormally rapid. At 
the American stations the disturbance occurred during the night, when the regular 
diurnal changes are naturally trifling. The prominent feature there in H or N was 
the large depression of the element near 10 h., and the subsequent rapid recovery. 
At Mauritius, Buitenzorg, Honolulu and Helwan the D or E and the V movements 
were as usual much smaller than those in H or N, but at Kskdalemuir the disturbance 
was quite as prominent in E as in N, while at Agmeourt the 1) curve had a considerably 
larger range than the H. At all the stations there were oscillations near 10 h. which 
made a special appeal to the eye. Unfortunately some details were lost at all the 
stations whore the 10 h. time mark interrupted the tracie. Also sliort-period oscillations 
were generally superposed, thus it is difficult to say exactly what corresponded at 
different stations. At one and the same station the different elements showed in most 
cases a different number of movements near 10 h. Thus in the Antarctic one would 
naturally say that there were six movements (three oscillations) in N', but only four 
movements (two oscillations) in E' or V, At Buitenzorg, Alibag and Helwan there 
were only three prominent movements in N or H, but the first of these was preceded 
and the last followed by a less conspicuous movement in the opposite direction. At 
Honolulu the movement which preceded and the movement which followed the three 
prominent movements in the H trace were more conspicuous than at Helwan. At 
Agincourt there seemed to be only one oscillation in H or D, but the oscillation in .T) 
took double the time of that in H. At Sitka the H trace showed two very conspicuous 
oscillations about 10 h., but they were preceded by oscillations which were also of 
considerable though smaller size, and they were followed by an even larger movement 
which nearly wiped out the depression in H existing at the time. 

In the Antarctic there was a considerable range in V, but the appearance of the 
curve was little more disturbed than usual. At Buitenzorg, Honolulu and Helwan there 
was no disturbance in V worth mentioning. At Eskdalemuir the only practical trace 
of disturbance in V was the depression characteristic of disturbance in the early morning. 
This depression, it should be noticed, had largely disappeared before the climax in Y 
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was readied at Sitka. Ttus tke enormous disturbance in V at Sitka seems quite 
apart from the phenomena at the other stations. 

Section 130 .— Eesults for Honolulu and Sitka are not included in Table CLXXXII 
because the curves received from these stations did not extend to the later part of the 
disturbance, when the larger movements were recorded elsewhere. 


Table CLXXXII— 14 h. September 24 to 2 h. September 26, 1912. Plate LVlIl. 


{Station. 

Elomont. 

Times of 

Diaturbanoo 

Kango. 

Inequality 

Range. 

Maximum. 

Minimum. 



h. 

m. 

h. 

m. 

y 

y 

Antarctic 

N' 

19 

1 {24th) 

23 

7 (24th) 

266 

49 


E' 

1 

6 (25tli) 

23 

12 (24th) 

2a) 

36 


V 

0 

10 (26th) 

19 

36 (24th) 

103 

28 

Mauritius 

H 

23 

15 (24th) 

14 

36 (24th) 

32 

15 


D 

23 

15 (24th) 

22 

30 (24th) 

34 

5 

Buitenzorg 

N 

2 

0 (26th) 

14 

20 (24th) 

67 

31 


E 

23 

16 (24th) 

2 

0 (26th) 

39 

21 


V 

2 

0 (26th) 

14 

40 (24th) 

7 

4 

Alibag 

H 

23 

40 (24th) 

14 

20 (24th) 

24 

6 

Helwan 

H 

23 

6 (24th) 

22 

6 (24th) 

50 

11 


D 

21 

26 (24th) 

16 

0 (24th) 

47 

9 


V 

21 

35 (24th) 

22 

66 (24th) 

18 

2 

Agincouit 

H 

19 

0 (24th) 

23 

10 (24tli) 

36 

29 


D 

23 

10 (24th) 

21 

36 (24th) 

118 

43 

Eskdalomuir 

N 

22 

67 (24th) 

22 

46 (24th) 

169 

20 


E 

20 

46 (24th) 

14 

16 (24th) 

116 

26 


V 

20 

14 (24th) 

23 

26 (24th) 

64 

10 


In the Antarctic the minor oscillations, which had been less in evidence between 
12 h. and 14 h. on September 24, 1912, became more conspicuous after 14 h. These 
oscillations were largest in E' and least in V. Between 14 h. and 16 h. the oscillations 
in the three elements seemed roughly in phase, but this soon ceased to be the case. 
In N' there was a most conspicuous bay (algebraic depression) between 20 h., and 24 h. 
Between 22 h. and 23 h. 46 m. N' fell 167y and rose 167y. E' showed a succession 
of considerable oscillations of varying periods between 19 h. and 24 h. Between 
19h. 6 m. and 19 h. 50 m. B' rose 55y and fell lOOy ; between 19 h. 60 m. and 
20 h. 30 m. it rose 61y and fell 97y ; and between 22 h. 26 m. and 23 h. 16 m. it rose 
74y and fell 103y. Superposed on these longer period oscillations were numerous 
short-period oscillations. Between 23 h. 16 m. on the 24th and 1 h. 10 m. on the 25th 
there was a rise of 194y in E', interrupted only by short-period oscillations. The 
chief movement in V was a fall (numerical rise) of 40y and rise of 65y between 20 h. 10 m. 
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and 20 h. 50 m. Between 22 li. and 24 h. on the 24th, the time when N' and B' wexe 
most disturbed, the V trace exhibited only small movements. The disturbance in the 
Antarctic gradually diminished after 0 h. on the 26th, and between 6 h. and 18 h. the 
curves were very quiet. 

At Mauritius the H trace, which had been very quiet from 12 h. to 14 h. of the 
24th, became obviously disturbed after 14 h. Between 14 h. and 17 h. 20 m. there 
was a succession of small but sharp oscillations, giving the trace a jagged appearance. 
These movements, though not absolutely large, appeal to the eye, partly because the 
trace was very quiet for more than an hour subsequently. As will be seen presently, 
corresponding movements were recorded at other stations. There was a conspicuous 
hump (enhancement of H) between 22 h. 35 m. of the 24th, and 0 h. 20 m. of the 25th, 
a rise of 28?/ being followed by a fall of 19y. The only conspicuous feature in the D 
trace was a l)ay (easterly deflection) between 22 h. 30 m. and 24 h. of the 24th. There 
was an easterly movement of 6' and westerly movement of 3'. 

At Buitenzorg on the 24th N was comparatively quiet between 13 h. and 14 h., 
and again between 17 h. 20 m. and 18 h. 20 m., but between 14 h. and 17 h. 20 m. there 
were movements which seem to correspond exactly wth those just described at Mauritius. 
When H increased at Mauritius, N increased at Buitenzprg. During this time the 
Buitenzorg E anti V traces appeared quiet to the eye. Small oscillations are, however, 
recognisable, and cm, supeiq)osing a tracing of the N curve on the B curve it can be seen 
that the two elements remained very closely in phase during at least the greater part 
of the time, B falling when N increased, and conversely. Tire V trace also showed tiny 
oscillations, but was too faint to admit of their exact nature being made out. Between 
22 h. on the 24tli and 1 h. on the 26th, there was a marked bay in N (depression). The 
recovery was more rapid than the fall. The lowest point may have been reached 
between 23h. lOm. and 23 h. 15 m., while the papers were being changed. B rose 
25y between 21 h. 0 m., and 23 h. 10 m., and fell 39y between 23 h. 16 m. on the 24th 
and 2 h. on the 26th. These changes are in the same direction as the normal diurnal 
changes, but much larger. The V trace throughout was slightly undulatory, but differed 
very little from a straight line. 

At Alibag conditions had been quiet between 13 h. and 14 h. on the 24th. But 
from 14 h. to 17 h. 20 m. there was a succession of oscillatory movements in H, 
corresponding very closely with those described at Mauritius. Also, as at Mauritius, 
there was a conspicuously quiet time after 17 h. 20 m. for nearly two hours. Brom 
19 h. on the 24th to 0 h. 30 m. on the 26th there was some further disturbance, the 
trace including a small bay centring about 22 h. 40 m. The largest continuous 
movement was a rise of 17y between 22 h. 40 m. and 23 h. 40 m. 

The curves received from Honolulu stopped at 20 h. on the 24th. The oscillatory 
movements in H between 14 h. and 17 h. 20 m., though less conspicuous than at Alibag 
and Buitenzorg, are easily recognised. On superposing a tracing of the N oscillations 
at Buitenzorg — where the time scale is the same as at Honolulu the movements at the 
two places are seen to correspond with considerable closeness. Oscillations at this 
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fiTWA are also recognisable in tbe Honolulu V trace, and less distinctly in tbe D trace. 
The movements in D are very small. So far as recognisable, they appeared to be at 
least approsdmately in phase with the H movements, increase of H going with easterly 
movement in D. The V movements seemed also approximately in phase with those in 
H, the values of the two elements rising and falling together. 

At Helwan conditions were very quiet on the 24th from 12 h. to 14 h. There then 
ensued in the H trace a series of oscillations, corresponding very exactly with those at 
Alibag. No corresponding oscillations can be made out in the D trace. Oscillations 
are visible in the V trace, but the trace and base line are very faint, and times 
consequently a little uncertain. So far as can be made out, a fall in V corresponded 
with a rise in H. After a quiet interlude, disturbance began to re-appear about 19 h., 
but the only movements of any size occurred some hours later. On the H trace there 
was a considerable hump (elevation of H) between 22 h. 35 m. on the 24th, and 0 h. 5 m. 
on the 26th, there being a rise of 48y in 30 minutes, followed by a fall of 34y during the 
next hour. The D trace showed some disturbance between 19 h. and 24 h. There was 
a bay (westerly deflection) between 22 h. 40 m. and 24 h., a westerly movement of 2' 
during the first half-hour being followed by a slower easterly movement of 1^'. The 
V trace became a little disturbed after 20 h., but the only movement of any size was a 
bay (depression) between 22 h. 40 m. and 24 h. The fall and rise were each about 
16y, but the fall took only about 20 minutes, so had much the steeper gradient. After 
0 h. on the 26th conditions at Helwan were very quiet for some hours. 

At Agincourt no clear oscillations in IT were visible near 14 h., but the trace was 
rather faint. The D trace clearly showed oscillations both before and after 14 h. 
Those between 14 h. and 15 h. were much larger than those preceding 14 h. The 
difference between the time scale at Agincourt and at the other stations makes 
comparison of short-period movements difficult. So far as one can judge, the first two 
or three movements in the Agincourt D trace after 14 h. do correspond approximately 
in time with those elsewhere, movement to the East at Agincourt going with increase 
of H at Alibag and Helwan, but no correspondence can be traced after 15 h. The H 
trace at Agincourt became gradually somewhat more disturbed, there being a good deal 
of oscillation, though of no great amplitude, between 19 h. and 24 h. Between 22 h. 
and 23j h. was the most disturbed time. The following changes occurred between 
22 h. 40 m. and 23 h. 30 m. : -f 17y, — 18y, + 20y, — 24y and -|- 18y, the last being 
slower than the others. The D trace was practically quiet from 16 h. xmtil nearly 
20 h., but exhibited a deep bay (easterly deflection) between 22 h. and 24 h. The swing 
to the East was 22' and the return swung 18'. Superposed on the former swing were 
some short-period oscillations. 

At Eskdalemuir there was a comparatively quiet interval before 14 h. and a 
second after 17|- h. Between whiles the N curve contained a succession of movements 
corresponding very closely with the synchronous movements at the other stations. 
Corresponding movements, though smaller, were also fairly conspicuous in the B curve. 
The two elements remained approximately in phase throughout, rise in N going with 
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fall in E. Corresponding though much smaller oscillations were also recognisable 
in the V trace, fall in V going with rise in N. Disturbance increased again after 19 h., 
and was of considerable size from 20 h. to 24 h. Between 22 h. 46 m. and 22 h. 67 m. 
N rose 169y, falling 126y in the course of the next 50 minutes. Between 19 h. and 
the maximum at 20 h. 46 m. E rose 95y. Between 20 h, 46 m. and 23 h. 26 m. there 
was a total fall of 105y interrupted, however, by several minor oscillations, and between 
23 h. 26 ni. on the 24th and 0 h. 5 m. on the 26th there was a rise of 67y. The V trace 
after 19 h. began to show a small rise above the normal. After the maximum at 
20 h. 14 m. a fall set in, which was very slow at first, but continued almost 
uninterruptedly until the minimum at 23 h. 25 m. The rate of fall was especially 
rapid between 22 h. 66 m. and 23 hi 5 m. After 23 h. 26 m. a rise set in, which 
continued until about 2 h. on the 25th, but after 0 h. 20 m. the rate of rise was slow. 

I’he curves received from Sitka stopped at 17|-h. on the 24th. There was a 
relatively quieter time from 13 h. to 14 h. After 14 h. oscillations were more in evidence, 
especially in D. So far as can be made out, there was in general a pretty close 
correspondence in phase between H and D movements, increase of H going with 
westerly movement. The earlier D movements had a close resemblance to the earlier N 
movements at Buitenzorg, westerly movement at Sitka going with increase of N at 
Buitenzorg. But later short-period movements prevailed at Sitka and obscured any 
parallelism that may have existed with the movements elsewhere. The Sitka V trace 
also contained oscillations, though of smaller size, after 14 h. The earlier of these 
appeared fairly in pliase with the D movements, rise in V going with westerly 
movement. 

I'he disturbance between 19 h. anrl 24 h. on September 24, 1912, was very 
considerable at most of the stations from which complete records were obtained. So 
far as can be judged from the published data, the disturbance was fairly represented 
at Sitka, but did not approach the disturbance recorded there during the forenoon. 
It is even doubtful whether it was as large as the simultaneous disturbance at 
Eskdalemuir. 

The most prominent feature of this later disturbance in the Antarctic was a 
depression in N' (numerical rise), greatest about 23 h. A corresponding depression 
appeared in the N trace at Buitenzorg. At Alibag there was a slight depression of 
li until after 22| h., but the rafid recovery from this is a more prominent feature. The 
same is true, and to an increasing extent, of H at Helwan and N at Eskdalemuir. At 
Agincourt H was conspicuously oscillatory at the time. The Honolulu and Sitka 
publications show that at both stations H was decidedly depressed. Disturbances 
in D or E were as usual of secondary importance at Buitenzorg and Helwan ; but 
they were fairly prominent at Eskdalemuir and very prominent at Agincourt. At 
Sitka, according to the official publication, the needle was on the whole considerably 
deflected to the West between 20 h. and 24 h. There would seem to have been but 
little disturbance in V at any of the stations. 

Section 131. — The series of movements between 14 h. and 17^ h. on September 24, 
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1912, was so remarkable that measurements were made of the oscillations which were 
recognisable at the majority of stations. Nine oscillations were reoogmsable at 
Mauritius, Buitenzorg, Alibag, Helwan and Eskdalemuir. Five of these were 
recognisable at Honolulu, and three at Agincourt and Sitka. Some of the curves had 
a slight slope on them at the time, so that the most suitable quantity to compare was 
the sum of the two movements which were accepted as going together to form an 
oscillation. This might be regarded as double the amplitude. At the same time 
it is proper to explain that the movements were not ordinary regular oscillations. 
The to and fro movements as a rule differed in duration, as well as in amplitude, and 
in one or two oases what may have been shorter period oscillations seemed to be 
superposed. Some of the movements were very small, and as a good many of the 
curves had, like most copies, no very sharp outline, no great accuracy can be claimed 
for the measurements. The results are shown in Table CLXXXIII. The results in 


Table CLXXXIII. — Oscillations near 14 h. September 24, 1912. Amplitudes as 
Percentages of Means from Mauritius, Buitenzorg, Alibag, Helwan and Eskdalemuir. 


Station. 

Element. 

No. 1. 

No, 2. 

No. 3. 

No. 4. 

No. 6. 

No. 0. 

No, 7. 

No. 8. 

No. 9. 

All 

oombined. 

Mauritius 

H 

43 

39 

46 

63 

36 

68 

43 

36 

41 

44 

Buitenzorg 

N 

96 

07 

83 

91 

78 

76 

89 

71 

78 

81 

Alibag 

H 

67 

66 

62 

74 

66 

64 

66 

71 

67 

66 

Helwan 

H 

80 

108 

86 

92 

76 

84 

82 

85 

86 

86 

Eskdalemuir ... 

N 

2UG 

m 

210 

180 

233 

218 

2J2 

230 

244 

215 

j> • ■ • 

W 

109 

136 

117 

111 

113 

100 

108 

108 

96 

110 

Honolulu 

H 

39 

20 

36 

29 

— 

— 

— 

— 

28 

— 

Agincourt 

J) 

110 

213 

102 

— 

— 

— 

— 

— 

— 

— 

Sitka 

D 

121 

116 

103 

— 

— 

— 

- — ■ 

— 

— 

— 


each column are presented as percentages of the mean double amplitude in the first 
six rows. For instance, in the case of the ninth oscillation the range in H at 
Mauritius was 0'41 of the mean of the following six ranges ; H at Mauritius, N at 
Buitenzorg, H at Alibag, H at Helwan, N at Eskdalemuir and W at Eskdalemuir. 
The figures for Honolulu, Agincourt and Sitka were expressed as percentages of the 
same means as served for the other stations. It is obvious at a glance that the sequence 
of the phenomena was generally similar at the various stations. The amplitude, 
however, was very different at the different stations, being on the average about five 
times as large for N at Eskdalemuir as for H at Mauritius. At Buitenzorg the 
magnetic and astronomical meridians are so nearly the same that the difference 
between H and N is insignificant. Thus the data from the first four stations in 
Table CLXXXIII should be fairly comparable. In one case, oscillation No. 8, the 
amplitude for Alibag equals that for Buitenzorg, but in every other case amongst the 
first three stations Buitenzorg takes the first place and Mauritius the last. Honolulu, 
however, falls distinctly short of Mauritius. Helwan, on the average, slightly exceeds 
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Buitenzorg, but tlie two run close together. Agincourt and, Sitka are in excess of 
Helwan, but fall decidedly short of N at Eskdalemuir. On the average, the ampli- 
tude in N at Eskdalemuir is about double that in W. The vector representing 
(mean /d W/mean ziN) at Eskdalemiiir is inclined to North at an angle of 27°, or 8° ‘8 to 
the West of the magnetic meridian. Thus the oscillations were imich more conspicuous 
in the E trace than they would have been on a D trace, if one had existed. At 
Agincourt and Sitka the movements could not be clearly made out in the H curves, 
being obscured by short-period oscillations, presumably from a more local source. 
But it is probable that at these two stations the amplitude was less in the magnetic 
meridian than in the perpendicular direction. 

Section 132. — Table CLXXXIV is intended to bring out more clearly the relative 
size of the different oscillations of September 24, 1912, at one and the same station. 
The entry is the percentage which the amplitude of the parl.icular oscillation bears 
to the mean amplitude of all the osc-illations observed at tliat station. For instance, 
at Mauritius the amplitude of the first oscillation was 8*5y, while the mean of the 
nine amplitudes was 7'83y, and (8 -6/7 *83) X 100 is 109. At the stations for which 
all nine oscillations were measured, the mean from the whole nine, the mean from the 
first three, and the mean from Nos. 1, 2, 3, 4 and 9 differed but little. Thus the 
figures obtained for Honolulu, Agincourt and Sitka are probably fairly comparable 
with the others. On the whole, oscillation No. 2 was decidedly below and oscillation 
No. 3 decidedly above the average. Idie others make at least a fair approach to 
equality. 


Table CLXXXIV. — Oscillations near 14 h. September 24, 1912. Amplitudes as 

Percentages. 


Station. 

IQlomoiit. 

No. 1. 

No. 2. 

No. 

No. 4. 

No. C. 

No. (1. 

No. 7. 

No. 8. 

No. 9. 

MauritiuH 

H 

109 

64 

135 

121 

82 

121 

88 

82 

109 

Buitenzorg 

N 

130 

49 

133 

111 

97 

84 

97 

89 

111 

Alibag 

H 

114- 

61 

126 

114 

101 

90 

. 90 

114 

102 

Honolulu 

H 

133 

38 

141 

88 

— 

— 


— 

100 

Helwan 

H 

103 

76 

130 

107 

90 

90 

86 

103 

116 

Agincourt 

D 

96 

100 

106 

— 

— 

— 

— 

— 

— 

Eskdalemuir 

N 

105 

64 

128 

83 

110 

92 

87 

110 

132 

•• • 

W . 

109 

74 

139 

101 

lOD 

83 

87 

101 

101 

Sitka 

D 

118 

62 

120 

— 

— 

— 

— 

— 

— 

All 

— 

109 

60 

131 

100 

101 

91 

89 

1P3 

116 


The phenomenon was obviously due to some wide-seated cause, which maintained 
itself with little alteration in situation or in energy throughout fully three hours. 
The large size of the Eskdalemuir oscillations suggests a northern site, but varying 
distance from the source could hardly be the sole cause of difference in amplitude. 
Helwan and Buitenzorg seem nearly equally affected, and any place equidistant 
from these two places would be remote from Eskdalemuir. Except at the American 
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stations, the direction of the oscillating force undoubtedly was not far removed from 
the magnetic meridian. This suggests a fluctuation somehow produced in the 
earth’s own magnetic moment ; but how such a fluctuation could produce five or six 
times as large an oscillation at Eskdalemuir as at Honolulu or Mauritius it is difiicult 
to imagine. 

Section 133. — The disturbance of September 30 to October 1, 1912, began with 
an s.o. at about 21 h. 36 m. on September 30, and continued until about 18 h. on 
October 1. 

In the Antarctic there were interruptions in the record during October 1 with 
consequent loss of -trace between 4 h. 40 m. and 6 h. 66 m., between 8 h. 45 m. and 
10 h. 10 m., and finally for some hours after 16 h. 10 m. From the general appearance 
of the curves it is probable that the true maximum and minimum in N' and V and 
the true minimum in E' were recorded. But the true maximum in E' almost certainly 
occurred between 4 h. 30 m. and 6 h. 56 m., and so failed to be recorded. Thus the 
range assigned to E' in Table CLXXXV is probably an underestimate. The s.c. itself 
in the Antarctic was a large oscillation in all the elements, of the kind usual there ; 
but the subsequent movements, so far as recorded, appealed to the eye only from the 
large ranges they supplied. The change in E' between 4 h. 36 m, and 6 h. 55 m., even 
if continuous in one direction, must have been pretty rapid, because there was a rise 
in the aggregate of 129y. During the first 26 minutes after registration was resumed 
there was a faU of 72^, and if, as is probable, the fall had been in progress for some 
little time prior to 6 h. 66 m., both the rise and the fall may have considerably 
exceeded those actually shown. 

The minimum in N' presented itself several hours later than usual. There was 
a considerable bay between 4h. and 7h. on October 1. The rise which followed the 
minimum at 6 h. 2 m. experienced several slight reversals, and showed numerous 
superposed short-period oscillations. The maximum occurred about the usual time. 
The phenomena on the whole represented simply an enlargement of the normal diurnal 
variation. The same remark applies with even greater exactness to the changes in 
E' and V. The main features in E' were a gradual rise from 22 h. on September 30 to 
6 h. on October 1, and a gradual fall after 6 h. until registration stopped about 16 h. 10 m. 
The rise and fall were a good deal interrupted, but the superposed oscillations, 
whether of longer or shorter period, were comparatively small. The V trace, apart 
from the s.c., was not more oscillatory than usual. So far as the trace enables one 
to judge, there was a nearly steady fall from 4 h. to the minimum (numerical maximum), 
which occurred about the usual time. This was followed by a gradual rise. The 
Antarctic curves on the present occasion bore a considerable resemblance to those 
containing the disturbances of April 15 and September 24, 1912. 

At Mauritius the H trace showed a “ crest ” lasting until about 2 h. 60 m. on 
October 1. During its persistence H on the whole rose slightly, the maximum 
presenting itself immediately before the smaE rapid fall terminating the crest. 
Following this there was an almost unbroken fall to the miniTmiTn at 13 h. 6 m. 
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This fall was generally slow, bat was accelerated between 6 h. and 8 h. The 
phenomena in H represented on the whole an enhancement of the normal diurnal 
variation, the range being four or five times the normal, with some acceleration of 
the times of maximum and minimum. The D trace received stopped at 8 h. on 
October 1. The movements shown were all slow. There was westerly movement 
from 21 h. on September 30 to 2 h. on October 1, and again from 3|- h. to h. on 
the 1st. The total range shown on the trace 3|' somewhat exceeds the normal, but the 
curve appears quiet to the eye. 


Table CLXXXV.— 21 h. September 30 to 18 h. October 1, 1912. Plate LIX. 


Station. 

Rloniont. 

Times of 

Disturbanoe 

Eango. 

Inequality 

Range. 

Maximum. 

Minimum. 



h. 

m. 

h. 

m. 

y 

y 

Antarctic 

N' 

12 

d9 (Oct. 1) 

6 

2 (Oct. 1) 

226 

69 


E' 

5 

B5 (Oct. 1) 

21 

40 (Sept. 30) 

288 

76 


V 

22 

10 (Sept. 30) 

13 

10 (Oct. 1) 

180 

44 

Mauritius 

H 

2 

BO (Oct. 1) 

13 

8 (Oct. 1) 

96 

21 

Buitenzorg 

N 

2 

BB (Oct. 1) 

8 

16 (Oct. 1) 

137 

30 


E 

7 

3B (Oct. 1) 

2 

36 (Oct. 1) 

68 

48 


V 

B 

20 (Oct. 1) 

1 

10 (Oct. 1) 

33 

32 

Alibag 

II 

2 

BO (Oct. 1) 

12 

25 (Oct. 1) 

103 

44 


D 

11 

0 (Oct. 1) 

1 

20 (Oct. 1) 

31 

29 


V 

10 

0 (Oct. 1) 

6 

5 (Oct. 1) 

34 

28 

Honolulu 

H 

2 

34 (Oct. 1) 

9 

10 (Oct. 1) 

114 

14 


D 

17 

10 (Oct. 1) 

23 

32 (Sept. 30) 

34 

49 


V 

12 

32 (Oct. 1) 

22 

2 (Sept. 30) 

22 

32 

Helwan 

H 

2 

45 (Oct. 1) 

16 

30 (Oct. 1) 

80 

23 


D 

6 

4B (Oct. 1) 

12 

25 (Oct. 1) 

46 

42 


V 

6 

35 (Oct. 1) 

21 

40 (Sept, 30) 

16 

20 

Agincourt 

H 

21 

40 (Sept. 30) 

7 

66 (Oct. 1) 

89 

22 


D 

9 

15 (Oct. 1) 

6 

30 (Oct. 1) 

107 

36 

Eskdalemuir 

N 

21 

42 (Sept. 30) 

11 

11 (Oct. 1) 

108 

28 


E 

3 

23 (Oct. 1) 

16 

60 (Oct. 1) 

69 

28 


V 

16 

10 (Oct. 1) 

7 

0 (Oct. 1) 

66 

6 

Sitka 

H 

6 

29 (Oct. 1) 

11 

2 (Oct. 1) 

196 

24 ■ 


D 

11 

2 (Oct. 1) 

6 

39 (Oct. 1) 

173 

41 


V 

6 

8 (Oct. 1) 

11 

0(Oct. 1) 

261 

9 


The curves received from Buitenzorg stopped at 8jh. on October 1, while N 
apparently was still falling. Thus the ranges in Table CLXXXV, at least in N, are 
probably underestimates. After the s.c. N continued to rise with short interruptions 
until the TnaTiTimiTin at 2 h. 66 m. on October 1. After 3 h, N showed a decided 
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tendency to fall. The earlier part of the fall was somewhat interrupted, but after h 
the only interruptions consisted of small short-period oscillations. The movements 
differed from the normal only in being larger, and in presenting the maximum a little 
earlier than usual. The E and V traces showed httle sign of disturbance. The 
m axim um and minimum in either case appeared near the usual hours, but the' 
movements in E exceeded the normal. 

At AHbag the maximum in H, like the maxima in H at Mauritius and in N at 
Buitenzorg, occurred just before the “ crest ” terminated. But after the fall from the 
crest there was a slight recovery, and a decided fall did not set in until about 6 J h. on 
October 1, which is near the time of the ordinary maximum. A nearly continuous 
fall then ensued, until about 12^ h. The subsequent rise was at first slow, and was 
interrupted between 14^ h. and h. After 16 h. there was a steady rise for four 
hours. Thus the movements closely resembled those of the normal day, except that 
they were much larger. The D and V curves appeared about as quiet as usual. 

At Honolulu the maxi m um in H was reached shortly before the “crest” terminated. 
There was an almost uninterrupted fall from 3 h. to 9 h. 10 m. on October 1, and after 
this there was a nearly uninterrupted rise until 19 h. Except for the s.c. and the “ crest,’ ’ 
the delay in the hour of maximum and the large size of the movements are the only 
phenomena which differ essentially from those of the ordinary day. 

. At Helwan the maximum in H was attained shortly before the “ crest ” disappeared. 
It occurred about the hour of a secondary inconspicuous m ax i m um usually recognisable 
in the morning at Helwan. The principal maximum usually met with from 10 h. to 
11 h. was only faintly indicated, the general direction of movement being a fall from 
2 h. 45 m. to 16 h. 30 m. The fall was nowhere rapid, and was interrupted by several 
undulatory movements of small amplitude. After the minimum, at about the usual 
hour, H continued to rise for some hours. The D and V traces, apart from a small 
depression in the latter at the time of the s.c., showed practically no sign of disturbance. 

At Agincourt the maximum in H occurred about the usual time of the afternoon 
maximum, but until the “crest” disappeared near 3 h. on October 1 the trace was nearly 
level, and apart from the existence of the “ crest,” would pass as quiet. After 3 h. there 
was a fall, once or twice interrupted, especially between 6 h. 20 m. and 6 h. 40 m., to the 
minimum at 7 h. 66 m. There was then a marked rise, occasionally interrupted, until 
11 h. The trace received stopped about 13^ h., when a gradual fall had been in progress 
for hours. The normal diurnal variation at Agincourt in September and October 
shows an inconspicuous secondary minimum about 8 h. with two not very widely 
different maxima about 11 h. and 22 h., the principal and much the more conspicuous 
minimum occurring between 16 h. and 16 h. Thus the trace on the present occasion 
exhibited not very well defined maxima about the usual times. But instead of the 
usual intermediate poorly defined minimum, there was a conspicuous minimum, with 
a lower value of H than that usually encountered at the principal ToiniTnnTn . In the 
D trace neither the s.c. nor the “crest” was more than faintly indicated, there being 
almost no sign of disturbance until after 4 h. on October 1. Between 4 h. 10 m. and 
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6 h. 30 m. there was a considerable bay (easterly deflection), an easterly movement of 
7-|' being followed by a westerly movement of 9'. Between 5 h. 30 in. and 9 h. 15 m. 
the needle swung 22^' to the East. This movement was slightly interrupted at 
intervals near 6 h., 7 h., 8 h. and 9 h., as if an oscillation of small amplitude with a 
period of nearly an hour were superposed on an easterly drift. Between 9 h. 16 m. 
and 10 h. 30 m. there was a smart recovery of 15|-'. On a normal day the extreme 
easterly position is not reached until 13 h., and there is but little movement before 
8 h. In short the principal disturbance occurred in what were at Agincourt the early 
morning hours, when the normal changes are very small. 

At Eskdalemuir after the s.c. there was little further sign of disturbance until h. 
on October 1, when some activity appeared. There were some slow undulatory 
movements in N, and short-period oscillations were numerous between 11 h. and 17 h., 
but tliere was no striking movement, ^’he principal feature was the depression of 
the element tor some hours before anil after the normal hour of minimum, representing 
practically an enhancement of the usual diurnal variation. After 18 h. N was 
practically quiet, 'llhe maximum in E presented itself several hours earlier than usual. 
From 6 h. to 16 h. E was considerably below its normal value (i.e., W was numerically 
enhanced), the minimum occurring about the usual horn. After 17 h. E was practically 
quiet, ^riie V trace showed a sensible depression from 6 h. to 12 h., but the gradient 
was everywhere very alight. 

The trace received from Sitka extended only from 1^ h. to 17 h. on October 1, 
and so did not show the s.c. movement. 'Ilhe observatory publication shows, however, 
that the trace received included all the principal maxima and minima. Until 4 h. 
there were only minor oscillations. Considerable disturbance then presented itself 
in all the elements, and the traces remained highly oscillatory most of the time, the 
V trace being unusually oscillatory for it. 

The H trace contained numerous short-period oscillations, and a succession of 
considerable oscillations of longer period, but its general trend was clearly downwards 
from 6 h. to 11 h., and thereafter clearly upwards until 16 h. or 16 h. The most 
rapid of the large movements was a rise of lOOy between 11 h. 2 m. and 11 h. 8 m., 
introducing the recovery after the minimum. The minimum in H occurred two hours 
after local midnight, an hour when the normal diurnal changes are exceedingly slow. 
Short-period oscillations though numerous were less prominent in the Sitka D trace, 
but longer period oscillations were somewhat conspicuous. There was a continual 
succession of them from 6h. to 12 h., superposed on a general drift of the needle to 
the East. Owing to the drift, the swings to the East appear larger than those to the 
West. Thus between 6 h. 40 m. and 6 h. 60 m. we have swings of 16' E and 13' W, 
between 6 h. 50 m. and 7 h. 60 m. swings of 10' E and 9' West, and between 7 h. 60 m. 
and 8 h. 30 m. swings of 13^' East and 10' West. These were amongst the largest of 
the oscillations. In the cases selected, -the turning point which represented westerly 
maxima were particularly clearly indicated, and the intervals between successive 
turning points were markedly different. The Sitka V trace was nearly level until 4 h. 
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when a rise set in, which continued with only slight interruption until the maximum 
at 6h. 3in. Subsequently until 13 h. there were numerous short-period oscillations, 
some of considerable size. The fall from the maximum to the minimum at 11 h. 0 m. 
and the subsequent recovery were considerably interrupted, and the curve had less 
than usual of the pyramidal appearance customary during large V disturbances at 
Sitka. A somewhat rapid recovery had been in progress for an hour when the trace 
stopped. 

Small short-period oscillations were fairly in evidence at most of the stations, 
but if we except Sitka the larger movements were of a comparatively non-oscillatory 
character. At the stations at which the disturbance was active during hours when 
the diurnal changes are normally considerable, the phenomena represented in the main 
an intensification of the normal diurnal variation. Disturbance was not, however, 
especially developed at these stations, as the ranges recorded at Honolulu, Agincourt 
and Sitka compare well with the others. As usual, the disturbance in H or N was 
markedly larger than in the other elements at Buitenzorg, Alibag, H(jnolulu and 
Helwan ; but at Agiucomt and Sitka the disturbance in D was of similar order. As 
on various previous occasions V at Sitka had a larger range than H or D at tliat station, 
or than V in the Antarctic. 


Sedim 134.— In the Antarctic on October 12, 1912, conditions became gradually 
more disturbed after 16 h. The W trace remained quiet until 23 h., but for some lumrs 
previously the behaviour of the instrument is open to suspicion. A dolioction 
expe^ent made about 23 h. was accompanied by a discontinuity, and subse(|uontly 
activity suddenly appeared. This suggests that the magnet had been sticking. 
Between 23 h. on the 12th and 1 h. on the 13th there were some rapid oscillations. 
Ikom 3h. on the 13th until the maximum at 11 h. 6 m. the general trend of N' was 
upwards, and there were only small interruptions. Thus in the main there was simply 
an enhancement of the normal diurnal change. The E' trace was decidedly oscsillatory 
from 20 h. to 24 h. on the 12th. Between 23 h. 30m. on the 12th and Oh. 5m. on 
the 13th there was a faU of 68y and rise of 71y synchronous with considerable 
movements m N and V. Up to 6 h. 40 m. on the 13th there was a general 
rise, mterrupted by short-period osciUations. This rise may be regarded as an 
enhancem^t of that natural to the time of day. There were rather conspicuous 
movements, a rise of 52y and fall of 90y, between 6 h. 26 m. and 6 h. 0 m. The 

movemen m were of no great size, but short-period oscillations were rather 
promment between 19 h. on the 12th and 1 h. on the 13th. 

+1, ^ movements were a rise of 14y between 23 h. 30 m. on 

Md a Ml of 16, 9 h. 20 m. and 11 h. 16 m. TLa last raproaented part of a bay 

^n^ from 9 h. 20 m. to about 12 b. 40 m. tie ordinary diurnal Lqualitv at 
tons oontan« a fab of H botweon 9 b. and 11 b., bnt not so largo aa *^000 
also m the normal day H continues to fall for some hours after 12 h The D tracl 
showed little beyond the normal changes. ^ 
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Table CLXXXVI. — 20 h. October 12 to 12 h. October 13, 1912. Plate LIX. 


Station. 

lillomont. 

Tiinoa of 

Bisturbanoe 

Rango. 

Inequality 

Range. 

Maximum. 

Miiiimuni. 



h. 

m. 

h. 

m. 

y 

y 

Antarctic 

N' 

11 

6 (13th) 

23 

60 (12th) 

216 

. 64 


li' 

6 

40 (13th) 

23 

60 (12th) 

246 

76 


V 

0 

2 (13th) 

11 

60 (13th) 

109 

42 

Mauritius 

H 

0 

5 (13th) 

11 

16 (13th) 

36 

16 


D 

10 

20 (13th) 

5 

30 (13th) 

46 

37 

Buitenzorg 

N 

(} 

55 (13th) 

9 

46 (13th) 

53 

33 


E 

n 

40 (13th) 

2 

26 (13th) 

34 

48 


V 

fi 

36 (13th) 

0 

45 (13th) 

. 32 

32 

Alibag 

JI 

D 

35 (]3tli) 

11 

JO (13th) 

46 

44 

Helwan 

[I 

0 

5 (J3th) 

G 

10 (13th) 

44 

21 


1) 

G 

10 (IStli) 

23 

60 (12th) 

42 

42 


V 

5 

50 (13th) 

9 

6 (13th) 

21 

20 

Agincouri 

11 

22 

45 (12th) 

1 

56 (13th) 

36 

6 


D 

2 

5 (13tli) 

6 

20 (I3th) 

97 

26 

TSskdaltnnuir 

N 

23 

36 (12th) 

10 

36 (13th) 

77 

31 


E 

1 

32 (13th) 

23 

47 (12th) 

76 

24 


V 


25 (13th) 

0 

8 (13th) 

48 

14 


The traces received from Buitetizorg stopped before 10 h. on the 13th. Tims 
the ranges in [I’able CLXXXVI may have been slightly exceeded. Short-period 
oscillations oc.curred in the N and M curves, especially between 0 h. and 1 h. on the 
13th, but the only movements of any prominence occurred between 5 h. and 6 h. In N 
there was a fall of 24-y between 5 h, 30 m. and !> h. 60 m. This was followed by a small 
recovery, interrupting the fall natural to the hour. The hi and V curves also had 
movemenis at the same time, which were distinctive though not large. In E the 
movement took the shape of an acceleration between 6 h. 30 m. and 6 h. 40 m. of the 
rise naturally in progress, and a smaller reverse movement between 6 h. 40 m. and 
5 h, 60 m., the curve then resuming its natural trend upwards. The V trace, after 
reaching a rounded maximum (algebraic) about 6h. 36 m. on the 13th, showed a rather 
marked fall of lly during the next 26 minutes. 

At Alibag the only movement which appeals to the eye in the H trace was a fall 
of 17y between 6 h. 36 m. and 5 h. 56 m. on the 13th. 

At Helwan, except for a rise of 20y between 23 h. 26 m. and 23 h. 46 m. on the 12th, 
and a fall of Ifiy between 6 h. 36 m. and 6 h. 66 m. on the 13th, the H trace was almost 
of normal quietness. The D trace, though mostly very quiet, contained a well-marked 
bay (westerly deflection) between 23 h. 30 m. on the 12th and 0 h. 20 m. on the 13th, 
The westerly and easterly movements were each about 2J'. The V trace showed a 
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slight dimple (depression) at the same time as the bay in D, but was gonprally very 
quiet. It contained, however, a slight undulation commencing about Si i». on the 13th. 

At Agincourt H remained as quiet as usual until 23 h. 20 m. on tlie 12th. After 
that there was a succession of bays (depressions) indenting the curve, but none of any 
great depth. In the first and largest, extending from 23 h. 20 m. on the 12tli to 
0 h. 30 m. on the 13th, there was a faU of 27y and rise of lOy. In the last, extending 
from 5h. 30 m. to 6h. 20 m. on the 13th, there was a faU of 12y and rise of 18y. 
After this there was little sign of disturbance in H. The D trace was very quiet until 
23 h. 26 m. on the 12th, when a large bay (easterly defl.ection) commemscd, whicdi 
continued imtil Oh. 40m. on the 13th. The movements to East and to West were 
each 15^', but the easterly movement was the more rapid. Between 1 h. 40 in. and 
2 h. 30 m. there were movements of 16^' to the East and 12' to the West. 'Diure 
were some minor bays, including one with easterly deflection from 3h. to 4 h., a 
second with westerly deflection from 6 h. 10 m. to 6 h. 40 m., and a tliircl protracted 
one with westerly deflection from lOj h. to 12 h. Between 5 h. and 0 li. the trace was 
almost quiet. 


At Eskdalemuii between 23 h. 30 m. on the 12th and 0 h. 15 m. on tlio 13th 
N rose 28y and fell 38y. There was a protracted bay (depression of N) of no great 
depth between lh.l6m. and 3h.45m. on the 13th, and another of trifling depth 
between 10 h. 20 m. and 12 h. Between 6 h. 30 m. and 6 h. there were some minor 
oscillations. The E trace showed one considerable oscillation between 23 h. 16 m. 
on the 12th and 0 h. 26 m. on the 13th, the fall and rise, about 75y, being approximately 
equal. There was a trifling oscillation between 6 h. 40 m. and 6 h. 

The disturbance of October 1^13, 1912, was not a large one, but it included 
movements between 23 h. on the 12th and 1 h. on the 13th, and between 6 J h. and (5 h. 
on the 13th, which were fairly in evidence at most stations. In the Antarctic the 
earher disturbance was the better developed, and the same was true of Helwan 
Agmcourt and especiaUy of Eskdalemuir. The disturbance between 6| h. and 6 h. 
on the 13th was however, more in evidence at Buitenzorg and Alibag. At Mauritius 
the ewher disturbance was somewhat the larger, but the later was the more rapid. 

Sect^ U5.—bi the Antarctic conditions had been fairly quiet for some hours 

before the disturbance of October 14-16 1912 Thn TJ' oti4 v • i • 

until «ftAr '714 ^4 1 .^ 1 , j ^ ^ reinamed quiet 

™ i f t ““ly “formal featuro 

™ ae eioeptiond rapidity of the riee after 6 h. Between 7 h. 34 m. and 8 li 30 in 

there was a .taturbanoe of the epeoial type, already dealt with in Table OXL This 

was followed by a eenee of less regular oscillationa of moderate variable periods liavinir 

S" S S “,'2 “r: “ " • rt. : ti's 

Tthe m Td^h “ r:n‘t m ^ - 
(depression in N',, ^e fell and rise being e^r t 
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longer period oscillations tended to disappear. E' was similarly disturbed to N'. At 
times, e.y., between 12 h. 40 m. and 14 b, 35 m. on tbe 14tb, tbe two traces seemed 
to be rather closely in phase, E' and N' rising and falling together ; but at this time 
the B' oscillations were decidedly the smaller. After the minimum at 21 h. 3 m. E' 
was less oscillatory, but the rise at times was rapid. Thus between 21 h. 3 m, and 
21 h. 33 m. there was a rise of 131y. Between 23 h. 36 m. on the 14th and 1 h. 10 m. 
on the 15th there was a total rise of lOTy. The V trace also contained a good many 
oscillations, but these were much smaller than those in N' and E'. Perhaps the 
largest was a rise of 41y and fall of 71y between 21 h. 3 m. and 21 h. 43 m. on the 14th. 

At Mauritius, after the maximum at 6 h. 30 m. on the 14th, there was a very 
gradual fall of H, interrupted at times, until 13 h. 10 m. During the next 2 hours 
there was a slight recovery. Between 16h. 6 m. and lOh. Om. there was rather a 
sharp fall of 24y. Between 17 h. 0 m. and 19 h. 10 m. there was a prominent 
oscillation, H rising 42>' and falling 41 y. There was another similar oscillation between 
20 h. 20 m. and 22 h. 20 m., H rising 42y and falling 29y. The D trace showed little 
beyond tlie normal diurnal cliange. There was, however, a sensible oscillation, 1-J-' 
to West then 1^' to East, between ICli. 46 m. and 17 h. 60 m., and the trace was 
slightly undulatory between 18 li. and 22 h. 

At Buitenziorg there were quick-run curves from 9 h. 53 m. to 13 h. 54 m. on the 
14th, and from 22 h. 67 m. on the 14th to 6 li. 49 m. on the 15th. N was falling at 
Oh. on the 14tli, as was natural at the hour, but shortly thereafter the motion 
accelerated. M’he fall between 0 h. and 8 h. 16 m. amounted to 48y. During the next 
I'i hours tliere was a sliglit recovery, so that the curve had a considerably indented 
outline. Os<iillations then followed. Between 10 h. 46 m. and 12 h. 0 m. N rose 20y 
and fell 13y, and between 13 h. 20 m. and 14 h, 20 m. it rose 20y and fell I2y. The 
most promiiKuit oscillation, however, was a rise of 41y and fall of Sly between 20 h. 20 m. 
and 21 h. 45 m., tbe rise occupying only about 26 minutes. There was an earlier 
considerable oscillation between ICh. 45 m. and 19 h. 10 m., with a rise of 30y and 
fall of 25y. The E and V traces showed only some minor oscillations. In V two of 
these coinci(le<l fairly in time with the oscillations last mentioned in H. In the earlier, 
between IG li. 45 m. and 19 h. 10 m., the rise and fall in V were each about lOy. In 
the later, between 20 h, 20 m. and 22 h. 0 m., there was a rise of 16y and fall of 13y. 

At Alibag between 6 h. 30 m. and 10 h. 40 m. on the 14th H fell 67y. Until this 
time, except for the largo size of the fall, there was little suggestion of disturbance. 
But subsequently the curve became wavelike, the amplitudes and periods of the 
oscillations varying. Two of tlie oscillations were much more prominent than the others. 
During the first of these, between IG h. 50 ni. and 19 h. 16 m,, H rose 47y and fell 43y. 
Dining the second, between 20 h. 25 m. and 22 h. 30 m., H rose 48y and fell 43y. In 
both cases the rise was considerably the faster movement. Conditions were normally 
quiet by 24 h. 

At Helwan the H trace was practically level from 6 h. luqtil 8 h. on the 14th, when 
smal l oscillations of long period presented themselves. There was no considerable 
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movement until an oscillation wLicli lasted from about 17 h. to 19 h. 10 m. During 
it H rose 58y and fell 68y. A similar oscillation occurred between 20 h. 20 m. and 

22 b. 20 m., during which H rose 56y and fell 49y. A third oscillation — also 
recognisable at Alibag, but relatively smaller there — occurred between 22 h. 20 m. 
on the 14th and 0 h. 20 m. on the 16th, H rising 31y and falling 27y. The D trace 
showed some smaller oscillations. During the most prominent, between 20 h. 16 m. 
and 21 h. 5 m., a swing of 3^' to the East was followed by a swing of 4' to the West. 
The next most prominent oscillation occurred between 23 h. and 24 h. ; it consisted 
of an easterly swing of 2^' followed by an equal westerly swing. The V trace also 
showed a succession of undulations, two much larger than the others. During the 
first of these, between 17 h. 0 m. and 18 h. 25 m. V fell 20y and rose 20>'. During the 
second, between 20 h. 26 m. and 21 h. 46 m. V fell 25y and rose 25y. 

At Agincourt the H curve was very quiet from 6 h. to 6 h. on the 14th. But 
shortly after 6 h. it became a little disturbed, and disturbance continued without 
intermission until 2 h. on the 16th. The next three hours were only slightly disturbed, 
but from 6 h. until after 6 h. on the 16th there were moderate oscillations. The 
disturbance in H, though persistent most of the time, was not very striking. The 
most conspicuous movements were a rise of 63y between 18 h. and 18 h. 50 m., an 
oscillation consisting of an interrupted fall of 63y and a rise of 40y between 20 h. 20 m. 
and 21 h. 60 m., an oscillation consisting of a rise of 76y and a fall of 53y between 

23 h. 60 m. on the 14th and 0 h. 40 m. on the 15th, and a rise of 38y between 0 h. 40 m. 
and 1 h. 30 m. D became considerably disturbed after 7|- h. on the 14th. Between 
7 h. 46 m. and 10 h. 16 m. there was a considerable bay, composed of an easterly 
movement of 11|' and westerly movement of 9'. Between 10 h. 16 m. and 11 h. 5 m. 
there was an easterly swing of 7|'. Less regular movements of shorter period and 
smaller amplitude followed. Much the most prominent D movements occurred 
between 23 h. 30 m. on the 14th and 1 h. 36 m. on the 15th. They consisted of the 
following swings, making a sort of double bay : 33^' to East, 28' to West, 14^' to East 
and 16' to West. After 1 h. 60 m. the trace was nearly level until 6 h. During the 
next 2 hours two oscillations occurred, but their amplitudes were only 2' or 3'. 

At Eskdalemuir the N trace shows a decided bay (depression) between 7 h. and 
9 h. on the 14th, the fall between 7 h. and 8 h. 6 m. amoimting to 35y. A quiet time 
intervened from 10 h. to 12 h. While there were no very large movements between 
12 h. and 17 h., N was decidedly disturbed. Between 17 h. 10 m. and 18 h. 20 m., N 
rose 134y and fell 131y. Between 19 h. 40 m. and 20 h. 30 m,, it fell 71y. Between 
20 h. 30 m. and 21 h. 30 m. there was a rise of 147y and fall of 143y. Between 
23 h. 6 m. and 24 h. there was a fall of 113y, and between 0 h. 0 m. and 1 h. 0 m. of 
the 16th there was a rise of 74y. The E trace was normally quiet until 7 h. on the 
14th. Between 7 h. 30 m. and 9 h. 20 m. there was a slight but decided hump 
(algebraic fall of E). Between 10 h. and 16 h. the disturbance in E was triflmg, and 
decidedly less than that in N. Between 17 h. 6 m. and 18 h. 6 m. there was a deep bay, 
with a rise (numerical fall) of 128y, and fall of 104y. At 20 h. 12 m. there was a small 
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but very rapid fall resembling an s.o. Between 20 b. 20 m. and 21 h. 20 m. there was 
a rise (numerical fall) of 160y and fall of 126y, and between 22 li. 26 m. on the 14thj 
and 0 h. 40 m. on the 16th there was a rise of 91y and fall of 142y. After 2 h. there 
were only small short-period oscillations. The V trace showed a very slight bay 
(depression) between 8 h. and 10 h. Between 10 h. and 16 h. the trace appeared 
normal. Between 17 h. and 18 h. there was a rise of 24y and fall of 28y. Between 
20 h. 26 m. and 20 h. 40 m. there was a rather sharp rise of 18y, followed between 
20 h. 40 m. and 21 h. 20 m. by a fall of 67y. Between 23 h. 40 m. on the 14th and 
0 h. 25 m. on the 16th there was a further fall of 33y, forming the introduction to a 
bay (depression of V), the recovery from which gradually slackened but remained 
perceptible until after 3 h. The trace was very quiet after 4 h. 


Table CLXXXVII. — 6 h. October 14 to 6 h. October 15, 1912. Plate LX. 


Station. 

Element. 

Tiniefl of 

Disturbanoo 

Range. 

Inequality 

Range. 

Maximum. 

Minimum. 



h. 

m. 

h. 

m. 

Y 

y 

Antarctic 

N' 

13 

8 (14th) 

0 

16 (16th) 

336 

60 


E' 

8 

8 (14th) 

21 

3 (14th) 

477 

76 


V 

9 

33 (16th) 

13 

47 (14th) 

162 

46 

Mauritius 

li 

6 

30 (14th) 

1<5 

0 (14th) 

62 

21 


D 

10 

10 (14tli) 

3 

30 (16th) 

46 

37 

Buitcnzorg 

N 

2 

65 (15th) 

13 

20 (14th) 

76 

.39 


K 

8 

0 (14th) 

2 

30 (16th) 

62 

48 


V 

5 

60 (16th) 

0 

60 (16th) 

48 

32 

Alibag 

H 

() 

30 (14th) 

16 

30 (14th) 

77 

44 ' 

Hclwaii 

H 

20 

60 (14th) 

10 

6 (14th) 

69 

23 


D 

20 

60 (14th) 

11 

65 (14th) 

81 

42 


V 

15 

66 (14th) 

20 

60 (14th) 

26 

20 

Agiucourt 

H 

11 

60 (14th) 

23 

50 (14th) 

85 

29 


1) 

24 

0 (14th) 

17 

60 (14th) 

179 

36 

Eskdaleniuir 

N 

17 

43 (14th) 

23 

68 (14th) 

186 

31 


E 

20 

39 (14th) 

14 

8 (14th) 

219 

29 


V 

17 

27 (14th) 

0 

21 (16th) 

102 

24 

Sitka 

H 

7 

48 (14th) 

21 

19 (14th) 

117 

20 


D 

10 

41 (14th) 

21 

23 (14th) 

168 

23 


V 

0 

19 (16th) 

13 

18 (14th) 

201 

6 


At Sitka conditions had been quiet for some hours before 6 h. on the 14th, and 
V continued quiet until 7^ h. Shortly after 6 h., some signs of disturbance appeared 
in H, and still more in D. From then until nearly 2 h. on the 16th there was continuous 
disturbance, The ranges in, Table CLXXXVII are in this case rather a misleading 
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guide to the extent of the disturbance. There were no very large departures from the 
normal in either direction, but there were a number of considerable oscillations, 
especially in D, and for part of the time in V. Between 7 h. 30 m. and 8 h. 20 m. H 
rose 58y and fell 75y. Between 16 h. 20 m. and 10 h. 0 m. it fell 56y, and between 
16 h. 60 m. and 17 h. 30 m. it again fell 4Qy. Between 17 h. 30 m. and 18 h. 30 m. there 
was a rise, somewhat interrupted, of 56y, Between 19 h. 10 m. and 22 h. 55 m. there 
was an irregular indented bay (depression of H), a fall of 69y taking place between 
19 h. 10 m. and 21 h..20 m., and a rise of SOy between 21 h. 20 m. and 22 h. 55 m. 
Short-period oscillations were particularly prominent in the H cmve between 17 hi. 
on the 14th and 2 h. on the 16th. In D between 6 h. 40 m. and 8 h. 5 m. on the 14th 
there was an easterly swing of lO'J', followed by a westerly swing of 16^'. Smaller 
movements followed from 8 h. 5 m. to 9 h. 6 m. Up to this time the movements in the 
three elements showed no sort of parallelism. But' after 9 h. 6 m., for about 6 hours, 
there was a truly remarkable connection between the D and V movements, the 
elements remaining approximately in phase throughout a succession of large oscillations, 
swings to the West going with increase in V. The one trace is a rough image of 
the other. Between 9 h. 40 m. and 11 h. 30 m. we have in D an easterly movement 
of 20-^' and westerly movement of 18^', associated 'with a fall of 83y and rise of 60y 
in V. Between 11 h. 30 m. and 12 h. 66 m. wo have an easterly movement of 11' and 
westerly movement of 16', associated with a fall of 60y and rise of 49y in V. Between 
12 h. 55 m. and 14 h. 5 m. we have an easterly movement of 16' and westerly movement 
of 10', while V fell 62y and rose 65y. Between 14 h. 6 m. and 16 h. 10 m. there was 
an easterly movement of 6' and westerly movement of 8-^', V falling 14y and rising 
32y. During the next two hours D had a westerly tendency, while V tended to fall. 
But superposed on these general movements there were several minor oscillations in 
both traces, which showed an approach to agreement in phase as before. After 17 h. 
D became more disturbed again, a succession of five bays appearing between 17 h. 10 m. 
and 21 h. 25 m. The durations of the bays and the amplitudes of the successive 
movements were as follows : — 80 minutes, 11|' E, lOj' W ; 46 minutes, 5' B, 4' W ; 
46 minutes, 4^' E, 6' W ; 40 minutes, 4' E, 6j' W ; 45 minutes, 5' E, 9' W. 

After 17 h. 40 rn. V had been rising almost continuously, and this went on, with 
minor interruptions, until 0 h. 20 m. on the 16th. The rate was considerably 
accelerated after 23 h. 40 m., the rise in the course of the next 40 minutes amounting 
to 65y. From 0 h. 20 m. to 1 h. 20 m. on the 15th V feU 68y. Between Oh. 0 m. and 
0 h. 30 m. D moved 14' to the east. After 2 h., while there were short period oscillations 
of small amplitude, there was no serious disturbance until after 8 h. 

The activity of distxubance on October 14 to 15, 1912, at Mauritius, Buitenzorg, 
Alibag, Helwan, Agincourt and Eskdalemuir was mainly confined to two or three 
comparatively short intervals. At Mauritius, Buitenzorg, Alibag and Helwan 
disturbance was conspicuously larger during the two periods 17 h. to 19 h. and 20j h. 
to 22^ h. on the 14th than at any other time. Agincourt and Eskdalemuir, while 
sho'wing special disturbance at these two periods, showed disturbance of the same 
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order during a third period near 24 h. In fact, at Agincourt the disturbance near 24 h. 
was decidedly the largest. This disturbance near 24 h. is recognisable in the curves 
at the more southern stations, especially at Helwan, but is comparatively small. In 
the Antarctic and at Sitka the activity of disturbance was much more uniformly 
distributed, and on the whole the maximum of activity preceded 17 h. on the 14th, 
and so came at a time when the stations at intermediate latitudes were Comparatively 
undisturbed. The disturbance component perpendicular to the magnetic meridian 
was relatively more important than usual. According to the ranges in Table 
CLXXXVII, the horizontal components of disturbance were larger at Eskdalemuir 
than at Sitka, an unusual phenomenon, but active disturbance was much more 
persistent at the latter station than at the former. V disturbance was more active at 
Sitka than in the Antarctic. It was quite of a different order at Sitka from what it 
was at any of the other stations outside the Antarctic. 

Section 136. — ^The disturbance of October 20 to 21, 1912, had an s.o. at about 
17 h. 20 m. on the 20th, which has been already dealt with. 

The s.c. movement in the Antarctic was of unusually short duration, and the two 
movements composing it were unusually alike in size. Though there were no really 
large movements in the Antarctic, quite a lively disturbance continued until 1 h. on 
the 21st. Short-period oscillations had existed for some hours before the s.c., and they 
were still more active for some time after it. Between 18 h. 30 ra. and 18 h. 40 m. N' 
rose 85y, and between 18 h. 40 m. and 19 h. 40 m. it had a total fall of 123y. Between 
23 h. 10 m. on the 20th and 0 h. 15 m. on the 21st there was a bay (algebraic depression 
of N'), with a fall of 82y and rise of 82y. The E' trace was very oscillatory until 22^ li. 
on the 20th. Between 22 h. 26 m. on the 20th and 0 h. 36 m. on the 21st there were 
the following larger movements, with short-period oscillations superposed : — -87y, 
_|_ 63y, — 03y, 4- 89y and — 63y. The V trace contained a good many short-period 
oscillations until after 22 h. on the 20th. Between 23 h. 6 m. on the 20th and 0 h. 56 m. 
on the 21st V rose I22y and fell 83y. 

At Mauritius, apart from the s.c. itself, and the “ crest " which persisted for fully 
an hour, tliero was very little disturbance. The H trace contained a slight hump 
(elevation of H) from 22| h. on the 20th to 0 h. 46 m. on the 21st, and there was a trifling 
bay (easterly deflection) in the D trace between 23 h. 10 m. on the 20th and 0 h. 10 ra. 


on the 21st. 

At Buitenzorg there were short-period oscillations in N until after 24 h. on the 
20th, but after 20 h. none of the traces contained any considerable movement. 

At Alibag after 20 h. on the 20th there were only small oscillations. 

At Honolulu the ranges were relatively larger than usual, especially in V, but, 
apart from small short-period oscillations, there were few signs of disturbance. 

Conditions at Helwan were very similar.to those at Alibag. 

At Agincourt the H curve contained numerous short-period oscillations up to 
23 h. on the 20th, but there was little sign of disturbance after 1 h. on the 21st. The 
D trace, except during the actual s.c. and for a short time before 24 h. on the 20th, 


was practically quiet. 


2 0 
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Table CLXXXVIIL— 17 L October 20 to lb. October 21, 1912. Plate LX. 


Station. 

Element. 

Times of 

Disturbance 

Bange. 

Inequality 

Range. 

Maximum. 

Minimum. 



h. 

m. 

li. m. 

Y 

V 

Antarctic 

N' 

18 

43 (20th) 

23 40 (20th) 

180 

67 


E' 

20 

37 (20th) 

17 20 (20th) 

110 

19 


V 

0 

2 (21st) 

23 3 (20th) 

122 

29 

Mauritius 

H 

17 

26 (20th) 

19 60 (20th) 

21 

12 


D 

17 

26 (20th) 

0 30 (21st) 

14 

3 

Buitonzorg 

N 

0 

10 (2l8t) 

17 0 (20th) 

32 

10 


B 

23 

10 (20th) 

1 0 (21at) 

20 

2 


V 

17 

30 (20th) 

0 46 (2lBt) 

16 

4 

Alibag 

H 

17 

26 (20th) 

19 20 (20th) 

26 

6 


D 

19 

20 (20th) 

1 0 (21st) 

14 

8 


V 

19 

10 (20th) 

17 26 (20th) 

8 

5 

Honolulu 

H 

22 

3 (20th) 

17 10 (20th) 

28 

12 


D 

18 

0 (20tli) 

23 39 (20th) 

44 

29 


V 

17 

28 (20th) 

21 63 (20th) 

40 

19 

Helwan 

H 

17 

26 (20th) 

19 20 (20th) 

29 

4 


D 

23 

66 (20th) 

17 60 (20th) 

14 

3 


V 

19 

20 (20th) 

17 26 (20th) 

16 

2 

Agincourt 

H 

21 

36 (20th) 

17 0 (20th) 

42 

26 


D 

17 

26 (20th) 

19 16 (20th) 

20 

28 

Eskdalemuir. 

N 

17 

26 (20th) 

17 20 (20th) 

34 

7 


E 

23 

64 (20th) 

18 1 (20th) 

38 

8 


. V 

22 

33 (20th) 

17 26 (20th) 

11 

8 

Sitka 

H 

23 

37 (20tli) 

19 1 (20th) 

26 

14 


D 

17 

27 (20tli) 

23 39 (20th) 

61 

23 


V 

23 

39 (20th) 

19 29 (20th) 

14 

6 


At Eskdalemuir, after the s.o., the N and E curves were unrestful rather than 
disturbed, small oscillations being visible until after 1 h. on the 21st. 

At Sitka small oscillations were present in the H and D curves before the s.o., 
and after it they were more in evidence, especially in D. There were somewhat larger 
movements between 23 h. 20 m. on the 20th and 0 h» 20 m. on the 21st, an hour during 
which there were also larger movements in the Antarctic. 

October 20-21, 1912, is a case when a disturbance followed immediately after 
an 8.C., but came to very little except in the Antarctic, and even there was of very 
moderate amplitude. In this instance Sitka and Agincourt showed no marked excess 
of disturbance over the other co-operating stations. The range in V at Sitka was below 
the average, a most unusual feature. 
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CHAPTER XIV. 


COMPARISON OF MAGNETIC DISTURBANCE AND AURORA. 

Section 137. — ^Large magnetic disturbance and aurora are both rare events in the 
South of England. Thus the fact that aurora is seldom if ever seen there unaccompanied 
by considerable magnetic disturbance seems sufficient evidence of some coimection 
between the two phenomena. In higher latitudes, where aurora and large magnetic 
disturbance are comparatively common, evidence of inter-relationship is more 
conflicting. On the one hand, Arctic observers have described definite movements 
of the compass needle as associated with the passage overhead of auroral curtains. 
On the other hand, comparisons of magnetic curves with aurora have shown that the 
times of greatest intensity of development in the two phenomena by no means always 
accord. This is the conclusion to which I came when discussing the magnetic and 
auroral phenomena observed in the Antarctic in 1902-03,* and similar conclusions 
have been reached at various times by Arctic observers. 

In 1911-12, during the months when aurora could be seen, hourly observations 
were made at Cape Evans, omitting a few hoiirs near mid-day. Boolcs in wMch the 
results of observation had been entered or copied were put at my disposal by Captain 
C. S. Wright, to whose co-operation in this investigation I am much indebted. On 
some days a good many observations failed to be taken. There were times of course 
of persistent blizzard, when the absence of visible aurora could be taken for granted, 
and there was a good deal of overcast weather, especially in 1912. Besides observations 
at or within a few minutes of exact hours, there were not infrequent entries of aurora 
at intermediate times. On nights of specially brilliant aurora, it was natural for some 
one to view the heavens at other than the statutory times of observation, but no 
inference could safely be drawn as to the presence or absence of aurora unless an explicit 
statement occurred in the books. This is one of the reasons why it is difficult to estimate 
the parallelism between the two phenomena. Naturally only a small fraction of the most 
conspicuous magnetic movements occur within a few minutes of an exact hoiu*. Thus 
when auroral observations occur only at hourly intervals, the chance of seeing what 
auroral phenomenon corresponds to the most rapid magnetic change during a magnetic 
storm is not great. It is in fact difficult to see how a really satisfactory comparison of 
the two phenomena can be made without something equivalent to continuous 
registration of aurora. 

Section 138. — Taking the auroral observations at Cape Evans m 1911, I attacked 
* National Antarctic Expedition, 1901-04. Magnetic Observations, pp. 193-200. 
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the probiem. ia various ways. Krst 1 took out the hours of the most notable aurora 
and examined the corresponding magnetic curves. Then I took out the shorter-period 
magnetic storms and considered the corresponding auroral observations. In the case 
of disturbances of the “ special type,” the result was disappointing. It was only in a 
small minority of instances that definite information was forthcoming. In the following 
cases aurora certainly occurred : — 


Date. 

Disturbed interval (Time of 

180° B.). 

Aurora seen at 

1911. 

May 2 

May 20 

July 18 

20 h. 19 m. to 21 h. 10 m. 

20 h. 26 m. to 20 h. 68 m. 

18 b. 36 m. to 19 h. 43 in. 

21 h. Om. 

20 h. 40 m. 

19 h. 30 m. 


On the other hand, on May 3, 13 and 19, 1911, there were disturbances of the 
“ special type,” during each of which one observation was made and no aurora was 
visible. In the great majority of instances there was no information as to aurora. 
Many of the disturbances occurred at hours of the day when there were no auroral 
observations. Others missed the hours of observation. In other cases again the sky 
was overcast or there was bright moonlight. 

Of the short-period disturbances described in Chapter XI, ten occurred during the 
winter months of 1911. The results for these were as follows, the times being all 
G.M.T. 

Afril 30, 7h.-10h. — ^The entry under each of the hours, 7b., 8h., 9h. and 10 h. 
is “ clear, no aurora.” This, it may be said at once, is the one case in which one of these 
marked bay-like disturbances of general incidence would seem to have been 
unaccompanied by visible aurora. Curiously, however, it was preceded by a “ fairly 
brilliant aurora ” visible for about 10 minutes shortly alter 6h. 

May 16, 2h.-8h. — Conspicuous aurora was noted several times during this 
disturbance. At 3 h. 30 m. there was a very bright yellow curtain, changing rapidly 
in form. Again at 5h. 18 m. there is a note of a bright corona, slightly to N.E. of 
the zenith, in rapid rotation. This answers in time to the centre of a very deep bay 
in the Antarctic curves. 

May 21, 9h.-12h. — Observations made a few minutes after 9h. and at 12 h. — 
i.e., just before the distiubance proper began and shortly, after it was practicaUy over 
— showed no aurora, but aurora is recorded as seen on five occasions between 9 h. 66 m. 
and 11 h. At 10 h. 10 m. and 10 h. 26 m. it was bright or very bright. 

June 6, 7 h.-10h. — No aurora was seen, but the sky was overcast at all the times 
of observation. 

July 3, 7h.-10h. — There was no aurora at 6h. The next observation, at 8h., 
showed aurora varying from faint to moderately bright. At 9h. no aurora was seen, 
but the sky was then hazy. 
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July 11, 6]i.-9Ji. — Blizzard is reported, but no definite observation is recorded 
prior to 9h. No aurora was then seen, but only tbe zenith was free from cloud. 

July 12 , 7 h.-lOh. — No observation is entered until lib., but a general note remarks 
that it was overcast all day. 

July 20, 6h.-9h. — ^Blizzard prevailed at first. The earliest observation was at 
9 h., when a moderate auroral curtain was reported. 

July 31, 8h.-10li. — ^At 8h. and at 10 h. no aurora was seen, the sky being wholly 
or nearly clear, but aurora was reported from 9 h. 0 m. to 9 h. 30 m. From 9 h. 0 m. 
to 9 h. 10 m. it was fairly bright to bright, and there was both colour and motion. 
At 9 h. 30 ra. it was faint. 

August 24, 8h.-10h. — ^There was no observation until 10 h., when it was overcast 
with a blizzard. 

It will be seen that during these ten short-period disturbances, with the exception 
of that on April 30, aurora was seen, when the disturbance was active, on all the 
occasions when the meteorological conditions were reasonably favourable. During the 
disturbances of May 16 and May 21, the auroral manifestations would seem to have 
been particularly strilcing at the time when magnetic disturbance was most active. 

Section 139. — ^Next I went systematically to work and took out all the auroral 
observations, examining the curves at all the corresponding times. There seemed 
a good deal of correspondence on some days, but little if any on others. Not infrequently 
conditions which for the Antarctic were unusually quiet synchronised with faint aurora. 
Sometimes, on the other hand, there was active magnetic disturbance when the con- 
ditions were favourable for seeing aurora, and no aurora or only faint aurora was seen. 

To reach some sort of definite numerical conclusion, the following method eventually 
suggested itself. The observers aimed at conveying the impression they derived as to 
the vividness of the aurora. Four degrees of intensity : very bright, bright, faint and 
very faint could fairly well be made out. ’ When aurora was brighter in one direction 
than another it was classified according to its brightest part. So again, if there were 
several observations in the course of an hour, the brightest manifestation fixed the class. 
The magnetic “ character ” of each hour had been assigned long before, and was thus 
free from prejudice. If an auroral observation had been taken at an exact hour, or 
within 10 minutes of an hour, the arithmetic mean was taken of the magnetic 
“ character ” figures assigned to the 60 minutes which ended and the 60 minutes which 
began at the hour in question. If the interval between the observation and the nearest 
hour exceeded 10 minutes, the one hour’s magnetic " character ” was taken. In this 
way, answering to qach auroral observation, there was a magnetic “ character ” figure, 
either 0, 0-6, 1, 1 *5, or 2. On a few occasions, of course, no " character ” figure could 
be assigned owing to lack of magnetic record. The observations were confined to the 
six months April to September, the observations in the first and last of these months 
being comparatively few. In the following Table the results for June and July form 
one group, and those for the other four months another, so as to bring out better the 
consistency that prevailed. 
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Table CLXXXIX. — ^Aurora in 1911 at Cape Evans and Magnetic “ Character.” 


Months. 

Auroral 

Intensity. 

Number of 
Observations, 

Number of-oocasions when Magnetic 
“ character ” was 

Mean ‘'Character.'* 

0 

0-5 

1 

1-6 

2 



I 

24 

4 

1 

7 

2 

10 

1-27 

June 


II 

112 

18 

7 

66 

18 

14 

1-01 

July 


III 

102 

20 

11 

43 

21 

7 

0-92 



IV 

13 

4 

4 

4 

1 

0 

0-68 

April 

r 

I 

22 

2 

3 

6 

2 

9 

1-29 

May J 


II 

67 

6 

6 

25 

9 

12 

M4 

Augast ^ 


III 

118 

21 

16 

64 

13 

16 

0-94 

September | 

- 

IV 

16 

4 

2 

7 

2 

0 

0-73 


The mean magnetic ” character ” for all hours was 0'83 for June and July, and 
0*90 for the other four months. The hours when auroral ohservations were nearly 
always taken clustered round midnight, while those when ohservations were hardly 
ever taken clustered round noon. The consequence, as is obvious on considering 
Table LXXX, was that the average hour at which observations were taken was 
sensibly less disturbed than the average hour of the day. This makes the high magnetic 
characters ” found for the two brightest classes of aurora all the more decisive. 

Combining aU the months of 1911 we obtain the following percentage figures for 
the incidence of the several magnetic characters. 



Thus while 41 per cent, of the auroras of the first class were associated with 
magnetic “ character ” 2, no single aurora of the fourth class was so associated. 

Treating the observations of 1912 in the same way as those of 1911, the following 
results were obtained : 


Table CXC.— Aurora in 1912 at Cape Evans and Magnetic “ Character.” 


Auroral 

luteoslty. 

Total 

Ooourrenoes. 

Absolute ooourronoas of Magnetic 
“ Oharaotor,” 

Percentage occurrences of Magnetic 
“ Character.” 

Mean 

“ Character,** 

0 

0*6 

1 

1-6 

2 

0 

0*6 

1 

1*6 

2 

I 

14 

4 

2 

4 

0 

4 

29 

14 

29 

0 

29 

0-93 

II 

67 

23 

9 

31 

3 

1 

34 

13 

46 

6 

2 

0-63 

III 

' 74 

20 

16 

31 

4 

4 

27 

20 

42 

6 

6 

0-71 

IV 

4 

3 

0 

1 

0 

0 

76 

0 

26 

i 

1 0 

1 

0 

0*26 
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The mean “ character ” figure for all hours of the six months April to September, 
1912, was 0*77. If the results for 1912 stood alone they would hardly justify any 
positive conclusion. The reason, however, for the indefinite nature of the results 
became at once apparent on considering the incidence of magnetic “ character ” 2. 
Hours to which it had been allotted were nearly all overcast, if there was no actual 
blizzard in progress. There were a few exceptions, but on most of them, as it so 
happened, there was bright moonlight. These climatic conditions were no doubt 
partly responsible for the great drop in the number of auroral observations in 1912 as 
compared with 1911. The decline can, however, be only partly accounted for in tlus 
way, and it is at least natural to associate it also with the marked decline in magnetic 
disturbance described in previous chapters. 

Section 140. — Besides the Cape Evans observation books I had an opportunity of 
studying the record made of auroral observations during 1911 at Cape Adare. Either 
aurora tended to be brighter at Cape Adare than at Cape Evans, or the observers at 
the former station had a lower standard of brightness than those at the latter. Whatever 
the explanation may be, it proved necessary to combine auroras described as faint at 
Cape Adare with those described as very faint, to get a sufficiently numerous Class IV 
of intensity. Auroras of Class I were pretty clearly marked. The division of those 
of intermediate intensity between Classes II and III was more difficult, and very 
probably in some cases my decision would not have recommended itself to the observers. 
In passing judgment I was largely guided by the numerous sketches entered in the 
observation book. The results obtained are given in Table CXCI. 


Table CXCI. — Aurora in 1911 at Cape Adare and Magnetic “ Character.” 




Absolute ooctirronoos of Magnotio 

Poroontago ocourronooH of Magnetic 


Auroral 

Total 


** Character. 



41 

Oharantni* ** 













Moan 

Intensity. 

Ocouri’onooa, 











Olmraotor.” 



0 

0-5 

1 

1-6 

2 

0 

0*6 

1 

1*6 

2 


I 

69 

4 

4 

26 

14 

21 

6 

6 

38 

20 

30 

1-32 

II 

92 


8 

33 

19 

23 

10 

9 

36 

20 

26 

1-21 

III 

170 

24 

20 

74 

36 

16 

14 

12 

44 

21 

9 

1-00 

IV 

66 

19 

4 

26 

11 

7 

29 

6 

38 

17 

11 

0-87 


The apparent association here of magnetic disturbance and aurora is quite as close 
as in Table CXC. This may at first sight appear a little surprising. But it should 
be remembered that whatever may be true of aurora, magnetic disturbance is in general 
not a local phenomenon. We may be reasonably certain that though Cape Adare and 
Cape Evans were several hundred miles apart, hours that were highly disturbed 
magnetically at Cape Evans were with rare exceptions also highly disturbed at 
Cape Adare. 

At Cape Adare, unlike Cape Evans, regular observations were usually confined 
to the even hours. Even allowing for this, the number of cases in which the auroral 
observations utilised at the two stations answered to the same hour was less than might 
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have been expected. The way in which auroral intensity was classified for these common 
occasions was as follows : 


Cape Evedb 
Intensity. 

Gape Adare Intensity. 

Total. 

I. 

II. 

ni. 

IV. 

I 

3 

4 

6 

3 

16 

II 

6 

13 

16 

T 

40 

III 

6 

11 

17 

9 

42 

IV 

0 

2 

2 

1 

5 

Total 

13 

30 

39 

20 

102 


It does not of course at all follow that it was the same aurora that was estimated 
at the two stations. 

The mean magnetic " character ” for the 12 occasions when the auroral intensity 
estimate was either (I, I), (I, II) or (II, I) was 1 ■ 7, while the corresponding mean for 
the 12 occasions on which the estimate was either (IV, IV), (III, IV) or (IV, III) was 
only 0*8. 

Section 141.— Captain Wright had the Idndness to supply me with a list of the 
days wMch he regarded as possessing the most intense auroral character .during 1911. 
His Imowledge of the idiosyncrasies of the individual observers makes his choice more 
authoritative than any I could myself have made. Uncertainties due to variability 
of the visual conditions of course remain. Magnetic “ character ” data were lacking in 
Table LXXIIT for only two of the days. The others and their magnetic “ characters ” 
were as follows : 


Date. 

“ Cliaraotor, ” 

Dato. 

■** Oharooter.'’ 

Dato. 


“ Oharaoter." 

April 

May 

28 

1 

li 

1 

•June 7 
» 8 

1 

1 

July 

28 

29 

2 

2 

19 

2 

1 

„ 22 

2 


30 

1 

)> 

3 

0 

» 23 

2 


31 

2 

99 

6 

1 

„ 24 

2 

August 

6 

2 

99 

99 

7 

8 

2 

2 

„ 26 
» 28 

0 

1 

99 

99 

7 

26 1 

1 

2 

99 

9 

1 

» 29 

1 

j) 

29 

1 

99 

15 

2 

30 

0 

September 

3 

0 

99 

16 

2 

July 1 

2 

fj 

7 

1 

99 

19 

2 

,, 2 

2 


13 , 

2 

99 

99 

June 

21 

22 

2 

2 

3 

.. 19 

2 

2 

99 

14 1 
16 

1 

2 

5 

2 

» 20 

2 

99 

ft 

17 

2 

99 

6 

1 

.. 21 

1 

at 

22 

2 


The mean character” figure for these 46 days is 1*47. The corresponding 

mean for all days of the six months April to September, 1911, according to Table LXXIII, 
is 1*16, 
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Section 142. — What has been -written above must not be regarded as in any sense 
a discussion of the auroral data as aurora. For that the reader must consult the 
full discussion which I hope Captain Wright will find time for. My original intention 
was to wait for that discussion before considering the bearing of auroral phenomena 
on magnetic disturbance, but the delay occasioned by the war has rendered the present 
course necessary. 

It seems perfectly clear from the present investigation that the quietest magnetic 
conditions experienced in the Antarctic, at the quietest season of the year, may be 
accompanied by aurora. Throughout the most disturbed part of the year no aurora, 
however bright, could possibly be seen, unless of course it were visible in full daylight. 
What is seen as very faint aurora under favourable visual conditions has almost no 
chance of being seen in faint moonlight or with slight haze. Under favourable 
conditions at nvidwiater aurora seems to be generally visible at some hour of the 24 
in high latitudes. The most natural inference is that the electrical conditions which 
when visible are known as aurora are generally, if not always, existent. If they are 
due to electrical discharges from the sun, then these discharges are not rare events, 
occurring only during so-called magnetic storms, but are every day if not hourly 
occurrences. They are undoubtedly much more intense on some occasions than 
others, but what T think is really open to doubt is whether they are ever totally 
absent. 

None of the obHcrviition books I had seen stated explicitly what time was observed at Capo Adaro. 
Local time there differs from that of longitude 180° B by 39 ’5 minutes, but this being less than for Cape 
Evans I suiiposed the same time to bo observed at the two stations when calculating the resiUts given in 
Section 140. After slip jnoofs had appeared, Capt. Wright expressed a doubt on the subjeot, and members 
of the Capo Adare party were consulted with conflicting results. The first of the meteorological volumes of 
the Expedition then appeared, with an explicit statement by Dr. Simpson, on p. 9, that local time was 
observed at Capo Adaro. It was practically certain a fHori that this could make little difiorence, but the 
calculations were repeated de nmio, assuming local time employed at Cape Adare. The mean values obtained 
for the magnetic “ character ” answering to auroral intensities I, II, III and IV at Cape Adore were respec- 
tively 1 • 44, 1 ’ 23, 1 • 02 and 0 • 84. These are even more favourable than the figures in Table CXCI to a close 
association between magnetic disturbance at Cape Evans and auroral intensity at Cape Adore. 

The auroral observations at the two stations being mostly close to the hour — time of 180° in the one 
case, time of 170° 9' in the other — there were few identical times. A calculation was, however, made on the 
same lines as in the latter part of Sect. 140, in which observations were treated as corresponding if their real 
times did not differ by more than 30 minutes. As in the text, there were 12 occasions when the auroral 
intensity estimate was (I, I), (I, II) or (II, I), and the corresponding mean magnetic “ character ” was 1 • 76. 
The occasions when the estimate was (IV, IV), (III, IV) or (IV, III) were only five, and for one of them there 
was no magnetic trace. Thus the fact that the corresponding mean magnetic “ character ” was only 0 ' 60 
merits less weight. Still here, as in the previous case, the conclusions in the text are substantially 
borne out. 
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CHAPTER XV. 


COMPARISONS OP INSTRUMENTS, AND INSTRUMENTAL “CONSTANTS.” 
FIELD OBSERVATIONS, PRINCIPALLY AT CAPE ADARE. 

Section 143. — ^The tables of D, H and I at Cape Evans in Chapter I represent 
the results of the absolute observations without any instrumental corrections. It 
appeared convenient to defer to a later stage a statement of the reasons why no 
corrections were applied. In an ordinary case the giving of corrections implies the 
general acceptance of some standard. In the case, for instance, of a measure of 
length, there is an international standard metre, which is believed to remain invariable 
to the degree of accuracy to which readings are ordinarily taken. A correction given 
to another metre bar is intended to make its readings when corrected accord with 
those of the international standard. It is believed that accordance to the degree of 
accuracy which the corrections profess to give can be secured in this way when a 
certain procedure is followed. In the case, however, of the elements of terrestrial 
magnetism, there is no recognised ultimate standard. The strength of a magnetic 
field, it is true, is defined in terms of the C.G.S. system of units, and so theoretically 
is dependent only on the ultimate standards of length, mass and time, which suggests 
a degree of accuracy answering to a small fraction of ly. But this has no immediate 
practical bearing on the subject, until we have instruments which can be relied on to 
measure a magnetic field accurately to a fraction of ly, and to do this not occasionally 
or accidentally, but every time. Such instruments, so far as I know, do not yet exist. 
The comparisons made under the auspices of the International Magnetic Committee 
and those made by the Carnegie Institution of Washington alike show differences 
between the instruments in use at the leading observatories, and what is worse these 
differences do not seem to remain constant. It is difhcult to say how far the apparent 
differences and their fluctuations are real, and how far they represent observational 
uncertainties. The comparison of the standard instruments at two distant observatories 
is effected through observations made with a third instrument at both places. This 
third instrument is necessarily exposed to the vicissitudes of travel. To judge 
exactly what these are, and what degree of reliance is justified in results so obtained, 
we really require a series of comparisons in immediate succession, the observer 
travelling backwards and forwards between the two stations, and the observations 
extending from a cold to a warm season or conversely. Also desirably more than one 
travelling instrument of each- type should be used as an intermediary. We do not 
know whether two instruments which agree at one station will agree at a remote 
station. We have little more reason for believing this than we should have for 


410 



believing that two thermometers which agree at one temperature will necessarily agree 
at another. 

It has never been customary at Kew Observatory to issue corrections to nnifilnr 
magnetometers. This has been due to a recognition of two facts : (1) that the Kew 
magnetometer has no unique claim to be a perfect instrument ; (2) that it would require 
a much larger number of observations than is usually taken to make the probable 
error in the mean difference resulting from the observations negligible. Even 
supposing the Kew instrument were invariable and recognised as the ultimate 
standard, and that the number of observations sufficed for deducing a reliable correction 
to a second instrument when used at Kew, this would not settle the correction to 
be applied when it was used at a remote station. The difference between two 
magnetometers as measurers of H may be due to a variety of causes. It may, of 
course, arise merely from error in the value accepted for the moment of inertia of one 
or both of the collimator magnets. In that event the difference between the values 
obtained for H at any station will be proportional to the local value of H. If we were 
sure that this was the sole cause of difference between the Kew magnetometer and 
a second being tested at Kew, we could of course obtain a correction factor to the 
latter which would be generally applicable. But there may be other contributory 
causes, e.g., the presence of magnetic material, or error in the measurements of the 
deflection bar. 

In the case of dip circles it has been customary to give corrections to the dip 
needles when requested to do so, Imt a warning is then issued against regarding the 
“ corrections ” as necessarily more than a historical presentation of the mean results 
of the comparison with tlie Kew dip circle, taken out to the nearest 0' • 6. The 
differences may be partly or wholly observational accidents. If real, they may be 
entirely due to the needles, or partly to the needles and partly to the circle. In 
neither case is there any reason to suppose that the same differences would be obtained 
if the comparison could be repeated at a station differing widely in dip from Kew. 
The behaviour of a dip needle is largely determined by the state of its axle, and the 
parts of the axle which are vital are quite different at two stations differing widely 
in dip. 

Section 144. — The Expedition was provided with two unifilar magnetometers, 
but only one of these. No. 25, was used. This magnetometer had three coUimator 
magnets 26a, 25b and 26d. Of these, 25b, was fitted up for decimation and all the 
declination observations were taken with it. The other two were intended for 
horizontal force. The magnet 26d had, however, an undesirably large temperature 
coefficient, and all the H observations were taken with 25a. The constants of aU 
the magnets were determined at Kew Observatory, in May, 1910, before the Expedition 
set sail. 

It is usual on such occasions for observations of H and D to be taken by the 
magnetic assistant or the superintendent, to make sure that the instrument is complete 
and workp satisfactorily, and that no serious error exists in the table of constants. 


411 



There waa, however, a press of work at the time, owing to the large number of 
magnetic instruments being tested for the Expedition, and so no observations could 
be taken by the observatory stafi. Two observations of H and one of D were taken by 
Dr. Simpson, who was undergoing a course of magnetic instruction. These sufficed 
to show that unifilar No. 26 was in good working order, and gave results in reasonable 
accordance with those of the Kew unifilar, but they were not sufficient for determining 
differences between the two instruments. The two H observations gave somewhat 
widely discrepant values for the distribution constant P. The torsion in the suspension 
of both the H and D magnets was excessive, and in the D observation the torsion 
correction — ^always an uncertain element when large — was nearly 2'. A comparison 
of unifilar No. 25 with the unifilar of Christchurch Observatory (Cambridge Scientific 
Instrument Co. No. 1) was made when the Expedition was on its way home on 
May 8 and 10, 1913. Three simultaneous observations gave the following results 
for the easterly declination : — 



D by No. 26. 

D by Oamb. Inst. Oo. No. 1. 

May 8, 1913 

0 / 

16 41-1 

0 / 

16 40-6 

„ 9, 1913 

43-7 

43-6 

„ 10, 1913 

36*6 

39-2 

Mean 

16 40-4 

16 41-1 


The difference, if there is one, is hardly outside the limits of observational 
error. 

Two simultaneous observations of H were made on the same two days. These 
gave unfortunately very discrepant values for P, the one positive, the other negative. 
As I have shown elsewhere, when the second distribution constant Q is neglected, 
P depends in reality on the two deflection distances actually used. At Christchurch 
the distances were those usually adopted, viz., 30 and 40 cms., so that the value given 
by the Antarctic observations was not immediately applicable. A value might have 
been deduced from the Antarctic value by means of a formula, but it seemed more 
satisfactory to accept the value, — 1-71, which was given by six fairly consistent 
observations made at Kew Observatory later in the year. Doing so we find : — 


— 

H by No. 26. 

H. by Oamb. Inst. Co. No. 1. 

May 8, 1913 

•22489 


„ 10, 1913 

•2247S 


Mean .... 

•22481 

•22440 


The excess of No. 26 is much above the probable error of observation. 
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After the return of the Expedition to England, a number of observations were 
taken by Capt. Wright at Kew Observatory, on September 24r-26, 1913, simultaneously 
with observations taken by Mr. T. W. Baker and myself with the Kew unifilai. 
Other simultaneous observations were made later, on September 29 and October 3, 
in which the observations with No. 26 were taken by myself. The results of these 
observations were as follows : — 


— 

D by No. 26. 

D by Kew Unifilar. 

Excess ol No. 25. 

1913. 

0 f 

0 / 

/ 

September 24 

16 37-2 

16 38-2 

-1-0 

.. 26 

34-3 

36-6 

-2-2 

„ 26 

37-6 

38-4 

-0-8 

„ 26 

36 -7 

37-6 

-1-8 

October 3 

36-3 

36-3 

0-0 




Mean — 1-2 


— 

H by No. 26. 

H by Kew Unifilar. 

Bxochs of No. 25. 

1913. 



y 

September 24 

•18494 

•18480 


„ 26 

606 

487 

18 

„ 26 

617 

601 

16 

„ 26 

626 

499 

26 

„ 29 

626 

493 

33 

„ 29 

624 

493 

31 




Mean -\-23 


There would seem to be a small difference in the case of the decimation. At the 
same time the agreement on October 3, when both observers were thoroughly 
accustomed to the conditions at Kew, was perfect. As regards H, there seems an 
unmistakable difference, the Kew observer getting in that case a larger difference than 
Capt. Wright. 

If we accepted the Kew instrument as standard, and supposed that the difference 
between it and No. 26 was due to error in the accepted value of the moment of inertia 
of magnet 26a, an error of 23y at Kew would imply an error of about 28y at 
Christchurch. The fact that the actual difference observed at Christchurch is larger 
than this is not really unfavourable to this view, because when the Christchurch 
unifilar was verified at Kew in 1901, judging by the result of three H observations, 
it read decidedly low. 

There are, however, various sources of uncertainty. In the first place the deflection 
bar of No. 26 was missing in September, 1913, and its place had to be taken by another 
bar which happened to fit in No. 26. This bar had been recently measured at the 
National Physical Laboratory, and there is no reason to doubt the accuracy of the 
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measurements any more than there was in the case of the original bar. Still the fact 
that the two were distinct bars is a possible source of a small difference in the value 
of H. Again, the Q distribution constant was probably neglected in the Christchurch 
instrument, and it certainly was neglected in all the observations taken with No. 25, 
and in the original comparison in 1901 of the Kew and Cliristchurch instruments. 
The only case in which this neglect was likely to have no sensible effect was the 
Antarctic observations made with No. 26, when big deflection distances were used. 

The relation between the Kew and Christchurch instruments naight finally have 
altered in the course of 12 years. In the case of the Kew instrument we are in fact 
obliged to assume either that some reduction has taken place in the moment of inertia 
of the magnet, or that the moment in use in 1901 was too large. Thus perhaps all 
we are entitled to say is that the H observations at Christchurch and Kew show a 
decided tendency in No. 25 to give too high values in 1913, and are on the whole not 
unfavourable to the conclusion that the cause was too high a value m the accepted 
moment of inertia. The most likely alternative explanation, viz., the presence of 
magnetic material in No. 26, is rendered improbable by the smallness of the declination 
differences observed between it and the other unifilars. A small reduction in the 
moment of inertia would be a not unlikely consequence of the vicissitudes natural to 
the Antarctic climate. Thus it is on the whole probable that during 1911 and 1912 
No. 26 gave more accurate values of H than it did during 1913. 

If we accept 23y as the error at Kew, and assume an overestimate of the moment • 
of inertia to be the cause, we should have an error of about 6y in the Antarctic. An 
error of this order in H and of the order of 1' in D would be insignificant in view of the 
local disturbance observed at Cape Evans. 

Bedim 145. — The Expedition had three ordinary land dip circles, a modern circle 
No. 186, by A. W. Dover, and two old circles, Nos. 26 and 27, by J. Dover. The two 
latter were fitted for total force observations, as well as for ordinary dips. No. 26 
was the circle in regular use at Cape Evans. It had five needles. The “ corrections ” 
given to these in the certificate issued at Kew in May, 1910, were as follows : — 


— 

No. 2. 

No. 3. 

No. 4, 

No. 6. 

No. 8. 

“Correction” 


+l'-6 

-h2''0 

4-l'-6 

o 

6 


Nos. 3 and 4 were so-called “ statical ” needles, which were never reversed after 
leaving Kew, but were tested there as reversible needles. Nos. 2, 5 and 8 were used at 
Cape Evans for the ordinary dip observations. The later observations were made, 
still in No. 26, with needles Nos. 1 and 2 of circle 186. At Kew in 1910 these two needles 
were tried only in their own circle, so no significance could attach to the results obtained 
with them then. 

Observations were made by Capt. Wright at Christchurch on March 8 and 10, 1913, 
using needles Nos. 1 and 2 of circle 186 in circle 26. 
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Simultaneous observations were made by Mr. H. F. Skey, Director of Cbristcbuxcli 
Observatory, with the Christchurch circle, Dover 147, with three needles. Nos. 1, 2 
and 3. The results were as follows : — 


1913, 

Oirolo No. 26. 

Cirolo No. 147. 

No. 1 of 186. 

No. 2 of 180. 

Moon. 

No. 1. 

No. 2. 

No. 3. 

Moan. 


O f 

0 / 

0 f 

o t 

0 / 

0 / 

0 / 

March 8 ... 

67 67-67 

67 67-62 

67 67-60 

67 67-62 

67 69-76 

67 66-92 

67 68-06 

„ 10 ... 

67 67-67 

67 68-31 

67 67-99 

67 69-12 

67 69-90 

67 67-87 

67 69-00 


Circle No. 147 was tested at Kew in 1901. The certificate issued gave no 
“ corrections,” merely stating that the results obtained were in close agreement with 
those given by the Kew circle. 

Needles 1 and 2 of circle 186 were also tried in circle 26 at Kew by Capt. Wright 
on September 24, 26 and 26, 1913, simultaneous observations being taken with the 
Kew circle by Mr. Baker or myself. The needles were also tried on October 3 by 
myself, observations with the Kew needles in the Kew circle being interpolated, so 
as to get the same mean time for the observations with the two circles. The results 
were as follows : — 


1913, 

Oircio No. 20. 

Kow Borrow Oirole. 

Noodlo 1 of 186. 

NeodJo 2 of 180. 

Moon. 

No. 1. 

No. 2. 

Moan. 

September 24 ... 
„ 26 ... 
» 26 ... 
October 3 

Means 

o / 

66 66-41 
66-66 
64-28 
66-86 

0 / 

66 66-74 
66-72 
64-86 
66-86 

0 / 

66 66-68 
66-69 
64-67 
66-86 

0 / 

66 66-97 
66-12 
66-81 
66-69 

0 r 

66 66-44 
56-37 
64-66 
66-60 

0 / 

66 66-70 
66-26 
66-18 
66-66 

66 66-30 

66 66-64 

66 66-42 

66 66-87 

66 66-47 

66 66-67 


It is hardly necessary to say that the accordance between all four needles displayed 
here is quite exceptionally good. 

Capt. Wright also observed on September 26 and 26 with needles Nos. 2 and 8 of 
circle 26 in their own circle. I repeated these observations on October 7 and 8, and 
on the latter date also observed with needle No. 6 of circle 26. The observations with 
Nos. 2 and 8 on September 26 immediately preceded those with needles 1 and 2 of 
circle 186, while the observations with the first pair of needles on September 26 followed 
immediately after those with the second pair. Thus we may regard the dips obtained 
with the Kew circle on September 26 and 26 as fairly corresponding. 

On October 7 and 8 I observed with both the Kew and Antarctic circles, in such a 
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way as to obtain tke same mean time for the observations. The results were as 
follows : — 


1913. 

Oirole No. 26. 

Kow Barrow Oirolo. 

No. 2. 

No. 5. 

No. 8. 

No. 1. 

No. 2. 

September 26... 
„ 26... 
October 7 

8 ... 

o / 

66 66-66 

66 64-88 

66 65-89 

0 f 

66 66-44 

0 f 

67 2-34 

66 69-19 

66 69-50 

66 68-03 

0 / 

66 66-12 

66 66-81 

66 68-94 

0 / 

66 66-37 

66 54-66 

66 66-78 


There is here a decided difference between needles 2 and 8 of circle 26 ; the former 
gave slightly lower, and the latter decidedly higher values than the Kew needles. All 
three needles Nos. 2, 6 and 8, it will be remembered, had been discarded for faulty 
behaviour before the end of the Antarctic observations. Thus any later comparison 
could throw no certain light on their behaviour when at their best, but only on the 
extent to which they were unreliable when at their worst. When tried in 1913 they 
were undoubtedly inferior to needles Nos. 1 and 2 of circle 186, but they were stiU in a 
pretty fair state of preservation, so far, at least, as concerns the parts of the axles in 
use at Kew. 

Circle, J. Dover, No. 27 was tested at Kew Observatory in May, 1910. The 
certificate then issued gave the following " corrections ” to the five needles : — 


— 

No. I. 

No. 2. 

No. 3. 

No. 4. 

No. 5. 

“ Correction ” 

-f0'-6 

-0'-6 

rhO'-B 

O'-O 

-t-0'-5 


The differences from the Kew needles were hardly outside the limits of 
experimental error. Needles Nos. 3 and 4 were the so-called “ statical ” needles. 
They were tested as reversible needles, but were not reversed again after leaving Kew. 

Circle No. 27 was mainly used for observations taken at Cape Adare by Lieut, (now 
Commander) V. Campbell, R.N., and Surgeon G. Murray Levick, E.N. The conditions 
were not favourable for very accurate work. Also the needles seemed to have some- 
what deteriorated before the Expedition returned to England. Thus it is unnecessary to 
enter on details of the comparisons made after the return to England with the reversible 
needles. The note which I made after trying needles Nos. 1 and 2 in their own circle 
in December, 1913, was as follows : — “ No. 1 behaves fairly ; No. 2 distinctly bad in 
one position, suspicious in others,” Still the results obtained were fairly good, the 
means being only from 1' to 2' lower than those given by the Kew needles in the Kew 
circle. 

Section 146. — Some total force observations were made with both the circles 
Nos. 26 and 27, especially the latter. The method of determining total force with a dip 
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circle is not given in ordinary textbooks, and I do not know any textbook where there 
is a full explanation. Thus a few remarks seem desirable. 

Three operations with the same dip circle are usually involved. 

(i) An ordinary dip observation is taken with at least one of the reversible 

needles, say No. 1. If only one such observation is taken, it is best to 
take the observations with pole A dipping before and those with pole B 
dipping after the two next operations, so as to get the same mean time 
for the dip as for the other observations. If time permits, complete dip 
observations, preferably with two reversible needles, say Nos. 1 and 2, 
the one before, the other after operations (ii) and (iii) should be taken. 

(ii) An observation is taken of the dip shown by the statical needle No. 4 

carrying a weight, which is screwed into a hole in the blade. The same 
process is gone through as in an ordinary dip observation, except that 
the magnetism of No, 4 is not reversed. 

(iii) A deflection experiment is made in which statical needle No. 4 deflects statical 

needle No. 3. During this operation No. 3 occupies only one position, 
e.g., it has its face to the face of the instrument, and the instrument faces 
East. No, 4 is secured in a holder attached to the frame which carries 
the two reading microscopes of the circle, in such a way that the length 
(magnetic axis) of No. 4 is perpendicular to the line joining the axes of the 
microscopes. Thus when the two ends of No. 3 are at the centres of the 
fields of view of the two microscopes, the magnetic axes of Nos. 3 and 4 
are at right angles to one another. These two axes are in parallel vertical 
planes. Assuming symmetry in No. 3, its plane is midway between the 
two agate edges on which the needle roUs. No. 4 is necessarily outside 
the box which contains No. 3. The centres of the needles should be in 
the same horizontal plane, and the line joining them should be perpendicular 
to the agate edges. In the ordinary circle the needles have lengths of 
about 3i| inches, and the distance between their centres is about 7 cms. 



The operations are shown graphically in the accompanying diagrams. In both 
OH represents the horizontal, OV the vertical direction, and A is the dipping end of 
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the needle. In the first diagram AB represents the actual position of needle No. 4 
when weighted, the dotted liae represents the true dip. In the second diagram arfix S'*!*! 
OgSg represent the two deflected positions of needle No. 3 ; while AiBi and AjBj are 
the two corresponding positions of needle No. 4. The dotted line midway between 
«i 6 i and represents the true dip. The inclinations of Oi&i and ajiz “to the. horizon will 
be termed I' and I" respectively. What is actually observed is the angle OiOoz, and 
\ OiOoa is accepted as the value of u' the deflection angle. The diagram represents the 
simplest case, when the two positions Ooi, Ooa are iu the same quadrant. In a station 
in high latitudes Ooi usually falls on the opposite side of the vertical from OAi, wliile 
iu low latitudes Ooj will usually lie above OH. 

In general neither needle will have its centre of gravity absolutely coincident with 
the axis of rotation. In a well-made needle, however, the centre of gravity will be 
very close to if not actually in the line joining the ends of the needle. For simplicity 
we may suppose the C.Gl. in both needles actually in this line. Let and Wi be the 
weights of needles 3 and 4 and let Cg and C 4 denote the distances of their centres of gravity 
from their axles. Also let w be the auxiliary weight used in the second operation, 
and c its distance from the axle. We shall assume that the reversible needle used gave 
the true dip I, and that the dip and the total force R remained constant throughout 
the whole observation. 

The couple arising from the action of needle 4 on needle 3 will be proportional to 
the magnetic moments mu and w., of the two needles, and so may be represented by 
where /(y) is a function of r, the distance between corresponding poles of the 
two needles when their magnetic axes are perpendicular. From operation (ii) we have, 
see the diagram on the left on p. 417, 

W 4 R sin (I — ij) = {wc + WiOi) cos »?, 

and from operation (iii) 

wigR sin (r — I) = m^mif{r) — cos T 

W 3 R sin (I — I") = in^mj{r) -|- cos I". 

It is usually tacitly assumed that WiOi and WaCa are zero or negligible. In that 
event it is obvious that 

I' - I = I - 1" = 1(1' - F) = u' say ; 

so that we have 

W 4 R sin M = w cos j?, 

WsR sin u' = mamif{r). 

Multipl 3 ring up and eliminating mamt, we finally get 

R 2 = wc f{r) cos r) /sin u sin u'. 

Suppose the suffix <, to distinguish data for a base station where the value of the total 
force is known, then we have 

Ro^ = wcf{r) cos rialsm. u, sin u/ ; 
whence yfcf{r) = R^® sin Uo sin Uo' J gos rj,, 

= A, say, a known quantity, 
and finally R® = A cos 7 ; /sin u sin u'. 
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Here A is the so-called “ constant,” corresponding to the particular weight which 
has been used. Usually there are several weights of different mass, a lighter or a heavier 
weight being selected according to the local conditions. 

Various simplifying assumptions have been made, such for instance as that the 
magnetic moment is the same in all positions of the needle. It is usual to regard A as 
an absolute constant for each weight, but it is obvious that it must be slightly variable 
unless observations are taken at a fixed temperature. As we have seen, A stands for 
wcf{r). r will vary if the poles of either needle alter their distance from the axle, or 
if the distance between the planes of the two needles changes. Temperature change 
will naturally alter both these distances directly, and may besides influence the 
distribution of magnetism, and so the “ pole distance ” in the needles. The instruction 
not to reverse the magnetism of the needles is intended to reduce the chance of change 
in the pole-distance. The magnetic moments, however, will naturally tend to diminish, 
and this may not improbably affect the distribution of magnetism as well. Supposing 
no wear in the weight, or in the hole in No. 4 into which it screws, the length c should 
be constant, except for changes of temperature, and so should be the mass of the 
weight. But, and this I think has been generally overlooked, the weight itself must 
necessarily vary according to the value of gravity at the place of observation. Tliis 
latter variation should be negligible if observations are confined to places not 
far removed from the base station, a procedure which is desirable for other reasons. 
But in the present instance that was not the case, so far at least as circle No. 27 was 
concerned. 

Bet Qa, gc, Qk represent the values of gravity in C.G.S. units at the Antarctic 
station, Christchurch and Kew respectively. Then we have approximately* 
ga = 983'0, go = 980*6 and gk = 981*2 ; 
whence g^jg^ = 1*0026, g^/gk = 1*0018 and gkjgo — 1*0007. 

If A«, Ac and Ak represent the values which the constant for a given weight should 
have at the three stations, then as A = {w/(r)}*, we have 

A„/Ac = 1 • 0012, Aa/Ak = 1*0009, and Aj/A, = 1*0004. 

Thus for accuracy to 1 part in 1,000, or even 1 part in 600, it would not be 
legitimate to apply in the Antarctic without correction a value determined for A at 
Christchurch or Kew. I do not think that even the lower accuracy can be claimed in 
the present case, but others may think differently. 

The neglect of mJjCs is one of the steps most likely to arouse criticism. An 
approximate value of lo^Ca is easily found, at least theoretically. We have, in fact, 

MjgCj (cos 1" -f- cos T) = m3 R {sin (I — I") — sin (I' — I)}, 
and so 2 !Wi 03 cos (!' 1") cos (U — T) = 2 m3 R sin {I — J (I + I")} cos -^(I'— I") ; 

whence approximately 

= m^ R sin {I — I (!' + I")} sec I, 
since ^ (I' + BO must equal I to a first approximation. 


* National Antarctic Expedition, 1901-1904. Physical Observations, p. 34. 
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The larger RsecI, the smaller must be I — ^(F + I"). Near a magnetic polo 
R and sec I are both relatively large. 

We should thus expect in high magnetic latitudes like Cape Evans or Capo Adare 
i + 1 “) to give a closer approach to the true dip than in ordinary latitudes. 

It seems to be immaterial whether O 4 vanishes or not. If it does not vanisli the 
value of A becomes {wc + WiC^f{r), and there is no reason why WiC.^ should bo more 
variable than wc. 

Section 147. — ^In the case of circle No. 26 only one total force observation was 
taken to determine the constant A for one weight. It was made in the magnetic hut 
at Cape Evans, on June 9, 1911, between 16 h. 22 m. and 16 h. 5 m. Accepting for the 
true dip 86 ° 27' -4, the mean of the absolute observations of the month, and for the 
total force -68168, being the value derived from the above value of the dip and -04213 
the mean of the absolute observations of H, the value obtained for log,,, A was 

I -66310. The observed value of ^ (I' + I") was 86 ° 28' -6, and so was very tdoso to 
the true dip as given by the reversible needles. 

The value of A for one weight was found for circle 27 at Clmstchurch Observatory 
on November 16 and 17, 191 6. On November 16 there were two complete determinations, 
or the first the observation with needles 3 and 4 was taken between 11 h, Om. and 

II h. 64 m The value accepted for the true dip was derived from observations taken 

ma ^dle 1 10 h. 30 m. »nd 10 h. 55 m. (pole A dipping), a.id betoeon 

j - 23111 . (pole B dipping). For tie second detormination, on Uio Homo 

ir^^’.i, S and 4 was taken between 10 h. 0 m. and 1(1 h. 43 m. 

For tlie dip, observatione were taken with needle 2 between 15 h. 37 m. and ir.li 6 «m 

feole A dipping), and between 16 b. 50 m. and 17 b. 0 m. (pole B dippiim). On 
No^ber 17 ae obse^ation wia needles 3 and 4 occupied from 11 b. sS m. to 
12 b. 10 m. The dip observatioiis, taken with needle 1 , occupied from 11 li. 0 m. to 
lb. 24m.,md from 12 b. 17m. to 12 b. 36m. The three values of R-- supplied 

-ti'-ties-me given b. Dr. .Simpson im - £ 

1 - So a^ I >»&• A wore 1.54088 

64016 and 1 64063. Then mean 1 -64062 has been accepted. 'The follovviuLr is 
a summary of the angles observed following is 


Observation. 

I. 

i (I'+I"). 


u. 

!?• 

1 

2 

3 ; 

H IF 

0 t 

67 64-19 
66-00 
66-91 

0 r 

67 64-41 
60-67 
60-68 

0 / 

26 23-68 
19-17 
18-68 

0 f 

i3 46*06 
37-79 
50-74 

o / 

24 1M3 

18-21 
6-17 

Mean 

67 66-37 

67 61 -89 

26 20-44 

43 44-63 

24 10-84 

^ 1 

■ 


-Abb. unAerence nere between the mean values of I and l(V -l T"^ i-i, t, a 
lerge. is eensible. The wei^t was obvioud, a ve^ albt‘ ont fii ‘Sfo^e 
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observations near the magnetic latitude of Christchurch, and the three values obtained 
for A showed a satisfactory accordance. 

A second set of dip and total force observations was made by Capt. Wright and 
Dr. Levick at Christchurch with circle 27, employing the same weight as before, on 
March 7 and 9 , 1913. The following is a summary of results : — 


Date. 

Time. 

Neodlo. 

T. 

HI' + I")- 

u'. 

U. 


From 

To 

1913. 

h. m. 

h. m. 

Fo. 

0 f 

0 / 

0 f 

0 / 

0 t 

March 7 ... 

12 0 

12 36 

2 

67 69-68 

— 

— 

— 

— 

7 ... 

14 30 

14 46 

3 and 4 

— 

67 68*68 

26 47-22 

42 17-04 

26 41-16 

„ 7 ... 

15 0 

16 30 

2 

07 66-80 

— 

— 

— 

— 

„ 7 ... 

16 30 

16 16« 

2 

68 6-33 

— 

— 

— 

— 

» 7 ... 

16 26 

16 40 

3 and i 

— 

68 7-68 

26 67-26 

42 18*67 

25 44*23 

„ 7 ... 

16 46 

17 20 

2 

67 59-48 

— 

— 

— 

— 

March 9 ... 

9 6 

9 36 

1 

68 1-66 






„ 9 ... 

9 40 

10 0 

3 and 4 

— 

67 69*07 

26 20-67 

43 0*82 

24 69*33 

„ 9 ... 

10 0 

10 24 

1 

67 68-65 

— 

— 

— 

— 

» 9 ... 

10 26 

10 46 

1 

68 1-62 

— 

— 

— 

— 

„ 9 ... 

10 67 

11 12 

3 and 4 

— 

67 69*33 

26 9*33 

40 43*00 

27 18*25 

„ 9 ... 

11 15 

11 32 

1 

68 0-98 

— 

' — 

— 

— 

Moans ... 

— 

— 

— 

68 0-62 

63 1-29 

26 48-62 

•12 4-88 

26 65-71 


The times assigned in the observation book for the third observation with needle 2 
on March 7 obviously contain one or more clerical errors ; the assumed times given 
here may be slightly in error. It has also been assumed that an angle given as 38° 
in the first deflection experiment on March 9 was really 42°, as in the other similar 
observations ; because the resulting value of ^ (T' + T'), viz., 66 ° 59' *67, was altogether 
impossible. In calculating ii, the true dip has been taken as the arithmetic mean of 
the dips given by the immediately preceding and following observations taken with 
a reversible needle. 

No final value was deduced for A, no value of E. seemingly having been supplied 
by the Christchurch authorities. If we assume the same mean value for R as was used 
in 1910, and accept the above mean values of u, u' and 17 , we should find the 1913 
value of A to be 0 • 982 of that found in 1910. The observations in 1910 were much more 
harmonious amongst themselves than those of 1913, and were considerably nearer in 
time to the observations at Cape Evans and Cape Adare, for which the value of the 
constant was desired. Thus it seemed best to accept the 1910 value, regarding the 1913 
observations as affording merely a general confirmation of its accuracy. 

A final set of observations with No. 27 was made at Kew in December, 1913, by 
Dr. Levick and myself. On December 11 Dr. Levick took two complete observations 
of dip with needles 1 and 2 , and three total force observations with needles 3 and 4 ; 
wMle I took a dip observation with the Kew ciccle and needles, simultaneously with 
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ills fiist dip observation. On December 16, observing with circle 27, I took dip 
observations witb needles 1 and 2, and two total force observations with needles 3 
and 4. FinaUj, on December 16 I took a third total force observation. In the 
calculations, 66° 55' was accepted for the true dip, and ’47177 for the total force, 
these being the mean values — ^to the nearest O'* 5 and ly — for the month. Also 
66° 56' ’09 was the dip obtained with the Kew circle on December 11. A principal 
reason for taking I from the Kew circle was the considerable size of the difference — 
4' ’9 for needle 1, and 7' ’7 for needle 2 — ^between the values of the dip obtained by 
Dr. Levick with circle 27. The mean results were as follows ; — 


Observer. 

Dip by 





logio A. 

No. L 

No. 2. 

U . 

u. 


Levick 

o / 

66 63*52 

o / 

66 61-73 

o / 

66 49-76 

o / 

34 9-76 

0 / 

11 26-11 

o / 

78 21-11 

I -64447 

Chree 

66 63-72 

66 66-84 

66 47-07 

31 21-18 

11 46-83 


T -64010 

All observations..., 

66 63-69 

66 63-10 

66 48-41 

32 46-46 

11 36-97 

78 30-97 

I -64 228 


The dips deduced from the values of ^ (I' + 1") in needle 3 rule decidedly low. 
The difference between the mean values obtained for u' by the two observers is difficult 
to explain, as Dr. Levick’s three values varied only 20' amongst themselves, and my 
three only 18'. 

If we take the mean value of logio A from the six determinations, we find 
(A in 1913 at Kew) /(A in 1910 at Christchurch) = 1 -004. 

The theoretical difference arising from the difference of gravity is, it will be 
remembered, in the same direction as that observed above, but only one-tenth as 
large. 

While the agreement is not perfect, it is very much closer than I had at all 
expected. It is especially noteworthy in view of the fact that, owing to the dip being 
northerlj’’ at Kew and southerly at Christchurch, the weight which was in the end 
appropriate to the southern station was in the dipping end at Kew, and so increased 
the dip there, instead of diminishing it as at Christchurch. 

From the observed values of u' at the two stations, and the values of total force, 
a comparison may be instituted between the values of the magnetic moment of 
needle 4 in November, 1910, and December, 1913. The moment would seem to have 
diminished by only about 2 per cent, in the course of the three years, a very satisfactory 
result. 

More space has been given to the total force observations with circle 27 than 
their intrinsic importance may seem to justify, but the results possess a considerable 
interest from the instrumental and observational points of view. 

Section 148. — ^The special observations made on sea ice over deep water about 
2,836 yards from the absolute hut at Cape Evans during December, 1911, and 
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January, 1912, were included in Tables I, I.I and III, and discussed in Chapter III. 
But some earlier observations were taken on sea ice with circles 26 and 27. They 
commenced shortly before midnight on January 5, 1911, and oonttnued until after 
4 h. of the subsequent day. The observations with the two circles went on 
simultaneously, so the positions of the circles could not have been absolutely 
identical. In the case of circle 26 the position is described as " Ice off Cape Evans 
120 fathoms,” while the position of circle 27 is variously described as “ Off Cape 
Evans,” or “ Off Skuary, Boss Island.” 

The dips taken with the reversible needles were as follows : — 


Circle. 

Neodlo. 

Time. 

Dip. 

• 

Mean clip 
for circle. 

From 

To 



h. m. 

li, m. 

o 

/ 

o / 


2? 


0 38 

86 

48*68 

— 


8 


3 38 

86 

49 -00 

86 48-84 


1 

23 15 

0 31 

86 

49-03 

— 

27 

2 

23 39 

0 16 

86 

47-60 

— 

27 

? 

3 22 

4 2 

86 

48-90 

86 48-48 

Final mean ... 

... 

... 

... 

... 

86 48-66 


The individual results are very harmonious, and suggest a quiet time, but as the 
magnetographs were not then in action no confirmation is possible from the curves. 
The final mean is larger by 19' than the earliest observation recorded in the magnetic 
hut at Cape Evans, wliich was the biggest dip observed there, while the observations 
made on sea ice in December, 1911, and January, 1912, had a mean excess of only 
9' • 8 over those then made on land. This cannot be said to be favourable to the view 
that the effects of local disturbance were inappreciable even on the sea ice. 

Total force observations were also made on the same occasion (January 6, 1911) 
with both circles with the following results : — 


Circle. 

Time. 

i (I'-hX*'). 


U, 

V- 

Total 

Force. 

Mean 

Total 

Force. 

From 

To 


h. m. 

h. in. 

0 / 

0 

f 

0 

/ 

o t 

y 

y 


1 20 

2 17 

86 48-10 

28 

13-9 

62 

60-6 

23 68-2 




2 20 

' 3 0 

86 49-67 

28 

13-6 

63 

19-2 

23 29-6 

67820 

67826 


1 20 

1 62 

86 60-60 

23 

8-3 

6 

17-9 

80 30-6 

67892 

— 


1 63 

2 28 

86 46-68 

23 

6-7 

6 

30-2 

80 • 18-3 

67666 

67729 

Means 

— 

— ' 

86 48-46 

— 

— 

— 

— 

67777 


In the total force reductions the value accepted for I was 86° 48' -8 for circle 26, 
and 86° 48' • 6 for circle 27. The values accepted for logio A were 1 ‘66310 for circle 26 
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(Cape Evans Observation, June 9, 1911), and 1 *64052 for circle 27 (Christcliuroh 
Observation, November 16 and 17, 1910). If we applied to tbe Cliristcliurch value of 
A the correction appropriate to the ezcess of gravity in the Antarctic, we should 
increase the mean value for the total force by circle 27 to 67810^, and the 
corresponding mean from the two circles to 67817y. 

The accordance between the results from the two circles, if we apply the gravity 
correction to No. 27, cannot be assigned very great significance, in view of the large 
difference between the two values given by that circle. The fact is that the weight 
used in circle 27 was undesirably light for Antarctic use. The value of u was so 
small that any small error in its determination was serious. The weight used in circle 
26 erred perhaps a little in the opposite direction, but was much more suitable. 

The accordance between \ (I' + I") and the true dip was again eminently satisfactory 
for both circles. 

• Section 149. — ^Magnetic observations were taken at Cape Adare (71® 18' S. lat., 
170® 9' E. long.) by Commander V. Campbell, R.N., and Dr. G. Murray Levick from 
March to December, 1911. They included observations of declination, dip and total 
force, the two last elements with circle by J. Dover, No. 27. 

Two of the declination observations were taken on the sea ice on Robertson Bay, 
some distance from shore. The other observations were apparently all taken on the 
site of Magnetic Tent in Borohgrevink Expedition.” This is explicitly stated to 
be true of the earliest dip ■ observations taken on March 14. In all the other dip 
observations the site is described as "Ridley Beach” or “basaltic pebble beach.” 
The same description is assigned in the case of the total force observations, with the 
additional information that the geographical position was 71° 18' 0" S. and 170° 9' 0" E. 
The site of the two land declination observations is similarly described to that of the 
total force observations. The accepted position of the observation station of tlie 
Borchgrevink (or “ Southern Cross ”) Antarctic Expedition of 1899 to 1900 being 
71° 18' S., 170° 9' E., the identification seems complete. 

The first of the two dechnation observations made on the sea ice was taken on 
May 3. The site is described as 440 yards from shore, over water 17 fathoms deep, 
lat. 71 18 19 S., long. 170° 9' 0" E. The same depth of water and the same 
geographical co-ordinates are entered in the case of the second observation on sea ice, 
taken on November 6, but the distance from shore is given as 336 yards. 

In each instance the declination was obtained by comparing the true bearings 
of a series of objects, taken mth a 4-inch theodolite, with the magnetic bearings 
observed with “ No. 1 Arctic Shore Azimuth Compass.” From two to four different 
pivots were used on each occasion, and in every case a correction of + 4' was applied to 
the compass card reading. As the “ basaltic pebble beach ” was presumably a source 

0 oca magnetic disturbance, the declination observations made on sea ice are the 
most important. 

On May 3 compass readings were taken for seven different true bearings, and in 
each case separate readings were taken with each of three pivots, the resultmg value 
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of the decliaation being 70° 69' • 8 E. On tliis day magnetic conditions at Cape Evans 
were decidedly quiet. On November 6 compass readings were taken for eight 
different true bearings, two pivots being used in each case. The resulting value of 
the declination was 70° 67' *3 E. On this day the magnetic curves showed about the 
usual amount of disturbance for the season. The close accordance of the two results 
would naturally inspire confidence in the final mean value 70° 68' ’5 E., but a 
consideration of the observational details is less re-assuring. On May 3, on the 
average, the declinations obtained using pivots ii and iii exceeded those obtained 
when using pivot i by 21' *7 and 1° 14' •! respectively. On November 6 the two pivots 
used agreed much better, stiU the mean declination using pivot ii was 10' *2 in excess 
of that found with pivot i. It must also be remembered that during November the 
dimnal range of declination is large. Even if the exact times of observation had been 
given, which was not the case, it would not have been possible to derive from the 
records obtained at Cape Evans corrections for diurnal variation applicable to Cape 
Adare. It is probably not underestimating the various uncertainties if we regard 
the probable value of declination on sea ice as 71° ± 1° E. 

The two land observations of declination were taken in the same way as those 
on the sea ice. On the first occasion, March 21, compass readings were taken for 
seven different true bearings, four pivots being used in each case. The resulting mean 
declination obtained was 66° 7' -4 B. The values derived from six of the objects 
varied only between 64° 9'-0 and 64° 42' *7, whilst the seventh gave 69° 17' *6. This 
strongly suggests an error of 6° in the value assigned to the true bearing. If we omit 
this one object, the mean becomes 64° 24'‘6 E. On this occasion the differences 
between the pivots were very large, the mean declinations obtained from pivots ii, 
iii and iv exceeding those obtained from pivot i by 1° 14' -3, 2° 28' -6 and 2° 20' -7 
respectively. Magnetic conditions at Cape Evans on March 21 were rather highly 
disturbed, and some of the irregularities at Cape Adare were no doubt due to magnetic 
disturbance. On the occasion of the second land observation, taken on December 13, 
compass readings were taken for eight different true bearings, pivots i, ii and iii being 
used in each case. The differences between the several pivots were less than on 
March 21, the mean declinations obtained with pivots ii and iii exceeding that 
obtained with pivot i by 40' •! and 17' ’6 respectively. The mean declinations 
deduced from the different objects varied from 68° 20' -3 to 69° 18' -7, the final mean 
from the eight combined being 68° 46' -8 E. Magnetic conditions on this day at 
Cape Evans were fairly quiet. ^ 

If we accept the revised value for the declination on March 21, the mean from 
the two days’ observations on the beach at Cape Adare becomes 66° 36' '7 E., or 
4° 22' *8 less than the mean from the observations on sea ice. In view of the large 
differences between the land observations on March 21 and December 13, no very 
exact value can be assigned for the difference between the two stations ; but we may 
reasonably infer that the declination on the beach is reduced by at least several 
degrees through purely local disturbance. 
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The mean declination observed on the beach in 1899-1900 by the “ Southern 
Cross” observers, Mr. L. C. Bernacohi and Captain W. Colbeck, was 55° 49' *4 E. 
These observers had a very much superior instrument in Unifilar Dover No. 138. 
Their individual results, 54 in number, taken at very various hours of the day, and 
so very variously affected by the diurnal variation, varied between 54° 39' -4 and 
57° 37' *9 ; but on several occasions when magnetic conditions were specially disturbed 
observations were left unfinished. If we accept the land values at the two epochs 
as applying to the same spot, we have an increase of 10° 46' • 3 in twelve years, giving 
the secular change the very high value of 54' per annum. 

Section 160. — The dip and total force observations with circle 27 at Cape Adare 
were all made on shore, at the station on the “ basaltic pebble beach ” on the “ site 
of Magnetic Tent in Borchgrevink Expedition.” Attempts were made on November 7 
and 9 to observe the dip on the sea ice off Eidley Beach, but these were unsuccessful 
" owing to movement of the ice.” 

Table A. — ^Dip at Cape Adare. 


Date, 

Noodle. 

Observer. 

Time. 

Mean Dip. 

Magnotio 
Condition 
at Time. 

From 

To 

1911. 




h. 

m. 

h. 

m. 

o 

t 


March 14 

fl 1 • 

2 

v.c. 

16 

0 

17 

0 

86 

36-10 

d. 

» 22 ... 


1 

v.c. 

10 

0 

11 

16 

86 

41-61 

d. 

„ 22 ... 


2 

v.c. 

12 

30 

13 

30 

86 

42-65 

(h 

May 26 


2 

v.c. 

10 

30 

12 

0 

86 

41-70 

Q 

• June 6 


1 

v.c. 

10 

46 

12 

46 

86 

41-81 


.. 6 ... 


1 

v.c. 

14 

,30 

16 

45 

86 

36-26 

q 

July 21 


9 

v.c. 

11 

46 

13 

0 

86 

40-19 

q 

August 23 ... 


i 

G.M.L. 

10 

30 

12 

16 

86 

37-86 

q 

23 ... 


1 

G.M.L. 

14 

26 

16 

6 

86 

39-69 

q 

October 19., , 


1 

G.M.L. 

u 

30 

15 

0 

86 

39-72 

q 

„ 19... 


1 

G.M.L. 

16 

30 

16 

16 

86 

43-10 

q 

November 9 


1 

G.M.L. 

10 

30 

11 

16 

86 

36-97 

(L 

„ 9 


1 

G.M.L. 

11 

46 

12 

30 

86 

65 -40 


December 11 


2 

V.C. 

12 

0 

13 

0 

86 

68-38 

d. 

„ 11 


2 

V.c. 

14 

46 

16 

60 

86 

44-81 

d, 

Mean from all the 16 observations 





86 

42-4 


Mean from 9 observations with needle No. 1 .. 

. 


... 

86 

41-4 


Mean frotn 6 observations with needle No. 2 .. 

• 



86 

44-7 



Table A gives particulars of the dips obtained at Cape Adare with the 
reversible needles Nos. 1 and 2. The observers are distinguished by their initials. 
The magnetic conditions specified were derived from the curves at Cape Evans, q 
denoting quiet, d disturbed conditions, the sufiSx 2 implying very considerable, the 
suffix I only moderate disturbance. In these high latitudes disturbance is probably 
comparatively local at times, and inferences drawn as to magnetic conditions at 
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Cape Adare from those experienced at Cape Evans are naturally less reliable than in 
the case of two stations a similar distance apart in Great Britain. 

Observations were only once taken with the two needles on the same day, 
March 22, and on that occasion the mean times of the two observations differed by 
2 h. 22 m. It is thus impossible to say whether the difference 3' • 3 between the mean 
dips obtained with the two needles was of instrumental origin or accidental. The 
observations were mostly talcen at very low temperatures, and so under trying 
conditions. Some of them, moreover, took an unusually long time, and so were 
very likely to suffer from magnetic variations. Whatever the cause, there were 
several very large differences between successive readings of the same end of the 
needle. When such differences occur, more than usual uncertainty cannot but attach 
to the final dip. The largest of these differences were as follows : 1° 20' on May 25 ; 
0“ 62' on June 0 ; 0° 36' and 0° 34' on November 9 ; and 0“ 54' and 0“ 44' on 
December 11. Differences such as these look very large, but it should be remembered 
that an error of 1° in a single reading would only affect the final result by about 2'. 

'riie mean dip 86° 42' -4 in Table A is 8'*0 higher than the corresponding mean 
found by Messrs. Bernacchi and Colbeck in 1899-1900. If we accept the results as 
applying to the same spot, we deduce a mean annual increase of dip of O'* 67. 


Table B. — Total Force Observations at Cape Adare. 


Date. 

Timo of Total 
li’oroo Observation. 

Tcniii). 

C, 

Magnetic 

Conditions. 

Dip by 


u. 


Total 

Force. 

From 

To 

No. lor 2 
80“ -1- 

No. 3 
80“ + 

1911. 

h. m. 

h. m. 

o 


f 

/ 

o / 

o f 

0 t 

V 

March 22 

11 30 

12 .30 

-20 

(1, 

42-03 

69-37 

22 16-13 

7 9-09 

79 32-94 

68077 

June 6 ... 

11 30 

12 0 

- 21 


41-81 

43-60 

22 26-00 

6 7-00 

80 34-81 

69635 

July 21 ... 

U 0 

14 46 

-16 

q 

40-19 

74-12 

21 56-38 

6 19-00 

80 21-19 

70137 

August 23 

J4 0 

14 20 

-29 

q 

39-69 

41-38 

22 16-13 

6 66-76 

79 43-94 

68627 

October 1 9 

15 0 

16 30 

-18 

q 

41-41 

40-38 

22 34-38 

6 61-66 

79 49-76 

68091 

Nov. 9 

11 16 

11 46 

- 6 

k 

46-18 

21-62 

22 24-88 

7 3-12 

79 43-06 

67798 

Dec. 11 ... 

14 15 

14 36 

-1- 1 

(h 

44-81 

40-26 

22 23-00 

6 32-93 

80 11-88 

68718 

Means ... 

— 

— 

— 

— 

42 -.30 

47-23 

22 19-41 

6 42-66 

79 09-66 

68712 


Total force observations with the " statical ” needles 3 and 4 were made at Cape 
Adare on seven of the days on which dip observations were talcen with one or other 
of the reversible needles. Particulars of the observations are given in Table B. 
In the calculations the value taken for the dip was that given by the reversible 
needle used on the same day. The reversible needle result is. given in the table for 
comparison with that resulting from the value of ^ (I' -|- I'O in needle No. 3. The 
values assigned to the total force are based on the value obtained for A at 
Christchurch uncorrected for gravity. Particulars are given as to m, m' and r) to show 
the degree of consistency of the observations. The magnetic conditions shown by 
the Cape Evans curves are given as before. 
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The time assigned to the total force observation on June 6, vin. from 11 h. 30 m. 
to 12 h. 0 m., is half-an-honr earlier than that given in the total force observation book, 
because according to the dip observation book the observations with needle No. 1 
occupied from 10 h, 46 m. to 11 h. 30 m. and from 12 h. Om. to 12 h. 46 m., and the 
total force observations must have come in the interval. 

The variability in the values of u in Table B appears larger than usual, and the 
dips derived from needle 3 do not appear at all as satisfactory as those obtained on 
January 6 and 6 near Cape Evans. It is thus hardly surprising that the values 
obtained on the different occasions for the total force are not very accordant. A very 
considerable probable error must be allowed even to the final mean. If we applied a 
correction for gravity — assuming the value of g at Cape Adare to be that normal for 
the latitude 71“ 18', viz. 982-7, an hypothesis accurate enough for the present purpose — 
we should raise the final mean value of the total force to about 68788y. If we accept 
this for the total force, and 86° 42' -4 for the dip, we find 68674y and 3962y respectively 
for the vertical and horizontal components. The corresponding mean values obtained 
by Messrs. Bemacohi and Colbeck were -6926, and *04143, giving -6938 for the total 
force. Accepting these figures as applicable to the same spot, we find a reduction 
to have occurred in all three elements during the twelve years. The resulting mean 
annual changes are — 16y in H, — 49y in V and — 49y in total force. 

There is nothing at aU out of the way in the secular changes we have dediiced for 
Cape Adare, except in the case of D. But no great weight can be claimed for the 
results in view of the observational uncertainties, and the very considerable local 
disturbance indicated by Messrs. Campbell and Levick’s declination observations. 
It may however be added that a substantial increase in easterly declination at Cape 
Adare would harmonise with the observed secular increase in H at Cape Evans. Both 
phenomena would be explained by a movement of the South magnetic pole in a north- 
westerly direction. The value of the declination observed on sea ice near Cape Adare 
seems to fit fairly well with the observations on board ship dealt with in the next 
chapter. 
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CHAPTEE XVI. 


OBSEKVATIONS AT SEA, &o., AS REDUCED UNDER THE SUPERVISION 
OE COMMANDER HARRY PENNELL, R.N. 

This chapter includes observations of declination and dip reduced by or under 
the supervision of Commander Harry Pennell, R.N., who lost his life during the war. 
He had handed over the tables of results, the reductions, and the observation books 
to my charge before going on active service. We had discussed a variety of points, 
without, however, reaching any final decision. Some of the assumptions made, and 
some of the corrections applied, seemed to me somewhat arbitrary, and I felt doubtful 
whether it might not be well to have some of the decisions reconsidered. Further, 
a certain number of total force observations had been made on board ship and partly 
reduced, but no final results had been reached, owing mainly, as I understood, to 
uncertainties about the corrections called for by the presence of iron in the ship. 
Obviously, if numerical results were to be reached, a series of somewhat arbitrary 
decisions would have to be taken ; but I entertained a hope that co-operation between 
a magnetioian and a naval observer, familiar with the actual conditions on board ship, 
might lead to results worth printing. As matters have turned out, it has seemed best 
to publish the declination and dip tables as Commander Pennell left them, with merely 
a few verbal alterations, and to leave the total force results alone. 

The material consists mainly of observations taken on board the " Terra Nova,” 
but includes a few observations on sea ice, and also the interesting series of declination 
results obtained by Lieut, (now Captain) Evans and Lieut. Bowers during Captain Scott’s 
sledge journey to the South Pole. 

Commander Pennell consistently used the term “ magnetic variation ” for 
declination, and as it is a term naval men seem loth to part with I have let it remain. 
The same remark applies to the use of " Barrow circle ” to denote the ordinary land 
dip circle. In his day Barrow was the leading English maker of dip circles, and a few 
of his circles still survive, including the standard circle in use at Kew Observatory 
at the present time. But the land circles actually used by the Expedition were all 
Dover circles, the older ones by J. Dover, the new ones by A. W. Dover. The sea 
dip circles of the Lloyd-Creak pattern — ^usually designated L.-O. circles by Commander 
PenneU — were all made by A. W. Dover. 

A large number of dip and total force observations had been taken by the 
observers of the Expedition at Simone Town (Cape Colony), Christchurch Observatory 
and Kew Observatory, treated as base stations, and corrections to the dip based on 
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these observatiotts were systematically applied. These corrections I have left 
unaltered. There is undeniably a much stronger argument for applying a correction 
to a Lloyd- Creak circle than to a land circle. In skilled hands the L.-C. circle gives 
much better results than one would expect, considering the friction that naturally 
prevails and the operation with the “ scratcher ” that is designed to overcome the 
friction. But on land the instrument is not the equal of the ordinary good Dover 
circle, so that there is much to be said for appljdng to the inferior instrument a 
correction based on its comparison with the superior one. There is a further practical 
reason in the general tendency exhibited by L.-C. circles to give a higher dip than the 
land circle. The fault might of course lie with the latter, but on this point the land 
circle has the support of the dip inductor, which is usually considered an instrument 
of superior type. 

Commander Pennell divided the observations as a whole into two classes, the 
first including observations made in temperate latitudes, the second observations made 
in high southern latitudes, and the results have been shown in two charts * which 
he had prepared. The results as soon as worked out were, I believe, communicated 
to the Admiralty for charting purposes, and so have already served one of the 
principal purposes for which they were intended. They should be compared with 
the already published observations taken on board the “ Galilee ” and “ Carnegie,” 
the survey ships of the Carnegie Institution of Washington. The ” Terra Nova ” did 
not have that freedom from ship’s magnetism enjoyed by the “ Carnegie,” and the 
reduction of the observations made on board her was a much more difficult and 
delicate task. 


OBSERVATIONS EOR VARIATION TAKEN ON BOARD S.Y. “TERRA 
NOVA,” BRIT. ANT. EXPEDN., 1910 - 13 . 

I, (“ Variation.”) 

North of 60 ° S. Latitude. 


A. — Absolute Variation obtained by “ Swinging Ship.” 


Bato. 

Latitude. 

Longitude. 

Variation, 

Swing. 

Bemoi'ks. 

1910. 

0 

/ 

0 

f 


0 

r 



June 

16 

60 

26 N. 

5 

19 

W. 

17 

52 W. 

II 

Swing both ways. 

j} )) 


26 

32 

36 N. 

16 

66 


18 

26 W. 

Ill 

July 

26 

20 

10 S. 

29 

21 

W. 

19 

10 W. 

IV 

a a 

Sept. 

2 

34 

10 

18 

29 

E. 

27 

60 W. 

V 

it 

a 

29 

41 

24 

100 

27 


23 

34 W. 

VI 

jj )> 

Nov. 

29 

45 

46 S. 

170 

60 

E. 

17 

18 E. 

VII 



* Preserved at Kew Observatory. 
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I. — Gontirmed. 

North of 60° 8. LatUtide. 


A— Absolute Variation obtained by Swinging ’’—continued. 


Dato. 

Latitudoi 

Longitude. 

Variation. 

vSwiiig. 

RomarkB. 

1911. 

o 

/ 

0 

t 

0 




March 31 

13 

37 8. 

173 

12 E. 

16 

61 E. 

XIII 

To port 

July 27 

34 

32 

172 

02 

13 

19 E, 

XIV 

To starboard. 

Aug. 3 

34 

28 

173 

08 

14 

13 E. 

XV 

Swing both ways. 

Octl 1 

37 

36 

178 

24 

14 

37 E. 

XVI 

To port. 

„ 2 

39 

56 

178 

12 

16 

49 E. 

XVII 

>> 

3 

41 

18 

176 

28 

16 

09 E. 

XVIII ... 

To starboard. 

Dec. 9 

43 

34 

172 

63 

15 

09 E. 

XIXa \ 

Bottt)m apparently 

„ 11 

43 

34 

172 

63 

17 

13 E. 

XIXb / 

“ disturbed.” 

„ 17 

47 

17 

173 

14 

17 

16 E. 

XX 

To port. 

„ 20 

54 

08 

173 

18 

21 

17 E. 

XXI 

To starboard. 

22 

57 

55 

176 

13 

24 

38 E. 

XXII 


1912. 









April 1 

43 

57 

173 

03 

16 

61 E. 

XXVIII ... 

>> 

Nov. 26 

43 

34 

172 

66 

16 

36 E. 

XXIX ... 

jf 

1913. 









Fob. 9 

47 

04 

170 

32 

17 

44 E. 

XXXIII ... 

ji 

„ 11 

43 

68 

172 

67 E. 

17 

00 E. 

XXXIV ... 

if 

March 23 

56 

02 

166 

61 W. 

24 

14 E. 

XXXV ... 

Ji 

April 13 

52 

09 

63 

47 

13 

14 E. 

XXXVI ... 

M 

„ 19 

40 

18 

64 

48 

3 

31 E. 

XXXVII ... 


May 3 

22 

02 

39 

34 

12 

69 W. 

XXXVIII 


„ 6 

18 

48 8. 

33 

28 

17 

64 W. 

XXXIX ... 


„ 18 

6 

08 N. 

23 

60 W. 

20 

43 W. 

XL. 



B.~Absolute Variation obtained with Landing Compass on Shore. 


Dato. 

Ijatitudo. 

Longitude. 

Variation. 

No. of Obs. 

Beniarkfl. 

1910. 

June 26 

o / /f 

32 37 47 N. 

0 r ' 

16 55 04 W. 

0 / 

18 47-6 W. 

I 

At Madeira, 


Dato. 

Latitude. 

Longitude. 

Variation. 

Remarks. 

1910. 

June 16 

„ 17 

» 18 

» 18 

o t 

61 17 N. 
47 66 

46 44 

46 43 N. 

0 f 

4 03 W. 
11 03 

11 31 

12 01 ’W. 

0 / 

17 43 W. 
19 03 W. 
19 07 W. 

18 41 W. 

* Too much motion for great 
accuracy. 


t The deviations used in oorreoting tne Total itrrors nave ueuu u.c^u>a.v. 

" swings ” ; the horizontal force and dip for the various positions being taken from Admiralty charts 3bUd 

and 3598. . . „ 

Pormulee were used as in " Admiralty Manual of Deviations, 
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't^orth of 60® 8. Latitude. 


G. — Variation from 8i/ngle Observations — continued. 


Date. 

Latitude. 

Longitude. 

Variation. 

Bemarks. 


1910. 

o 

/ 

o 

/ 

o 

i 


June 

19 

44 

33 N. 

12 

30 W. 

18 

41 W. 

* Too muoli motion for great 

»9 

20 

42 

08 

13 

30 

18 

10 W. 

accuracy. 

}S 

20 

40 

61 

13 

68 

18 

20 W. 


Pi 

21 

39 

09 

14 

30 

18 

00 W. 


s> 

21 

37 

67 

14 

66 

17 

27 W. 


pi 

22 

36 

10 

15 

46 

17 

37 W. 


PP 

28 

28 

33 

19 

26 

17 

36 W. 


Pi 

28 

27 

48 

19 

49 

17 

23 W. 


)) 

29 

27 

22 

20 

16 

18 

03 W. 


)) 

30 

26 

09 

20 

68 

18 

38 W. 


July 

1 

26 

29 

21 

27 

18 

34 W. 


)) 

1 

26 

04 

21 

40 

18 

34 W. 


JP 

2 

23 

49 

22 

22 

18 

34 W. 


PP 

3 

22 

62 

22 

47 

18 

61 W. 


Si 

3 

22 

10 

23 

13 

18 

46 W. 


SP 

6 

19 

24 

24 

42 

18 

67 W. 


3> 

7 

15 

56 

26 

31 

18 

61 W. 


Pi 

7 

16 

17 

26 

19 

18 

60 W. 


is 

8 

13 

19 

24 

69 

19 

09 W. 


Pi 

9 

11 

46 

24 

36 

19 

31 W. 


PS 

10 

9 

30 

24 

21 

19 

39 W. 


li 

11 

7 

19 

24 

03 

19 

S3W. 


PS 

u 

3 

06 

21 

11 

20 

24 W. 


PP 

14 

2 

06 

21 

24 

20 

22 W. 


33 

16 

0 

66 N. 

22 

06 

21 

09^7. 


PS 

16 

1 

48 S. 

21 

27 

20 

67 W. 


Aug. 

1 

26 

34 

22 

46 

22 

19 W. 


» 

1 

27 

06 

22 

09 

22 

32 W. 


PP 

2 

28 

62 

20 

39 W. 

21 

61 W. 


Sept. 

4 

38 

16 

19 

18 E. 

27 

25 W. 


ss 

4 

38 

18 

19 

21 

27 

12 W. 


s s 

8 

39 

64 

31 

46 

28 

11 W. 


s 1 

15 

39 

44 

52 

20 

24 

07 W. 


S3 

16 

40 

01 

68 

18 

*26 

16 W. 


33 

20 ... 

38 

44 

76 

07 

*28 

02 W. 


PS 

22 

39 

06 

81 

18 

•28 

02 W. 


PP 

24 

39 

22 

86 

10 

*26 

00 W. 


PP 

26 

40 

33 

92 

01 

•27 

low. 


Pi 

27 

40 

43 

93 

44 

24 

49 W. 


Pi 

27 

40 

62 

94 

47 

*24 

27 W. 


PS 

28 

41 

00 

98 

02 

*24 

21 W. 


PP 

29 

41 

10 

99 

20 

♦26 

02 W. 


ss 

30 

41 

46 

101 

58 

23 

37 W. 


33 

30 

41 

69 

102 

60 

24 

06 W. 


Oct. 

1 

42 

11 

106 

26 

21 

29 W. 


S3 

3 

42 

14 

111 

67 

16 

66 W. 


SS 

6 

41 

46 

122 

18 

6 

01 W. 


Nov. 

30 

46 

64 

170 

46 

16 

62 E. 


>> 

30 

48 

18 

170 

26 

17 

60 E. 


Dec. 

6 

67- 

31 S. 

176 

48 E. 

26 

12 E. 





I. — Coniinued. 
North of 60° 8. Latitude, 


C. — Variation from Single Observations — continued. 


Date. 

Latitude. 

Longitude. 

Variation. 


1911. 


o 

t 

0 / 

o 

/ 

March 14: 

• • 

68 

37 S. 

161 22 E. 

*24 

43 E. ‘ 


14 

— 

68 

22 

162 00 

*21 

26 E. 


16 

... 

68 

18 

161 26 

*23 

20 B. 


16 

— 

68 

07 

161 36 

*23 

49 E. 


16 

... 

66 

34 

162 46 

*24 

04 E. 


17 

... 

66 

14 

163 66 

21 

60 B. 


17 


66 

16 

163 65 

20 

10 B. 


17 


66 

17 

163 33 

21 

16 B. 


18 


66 

30 

162 48 

20 

09 B. 


23 


64 

60 

160 32 

19 

37 B. 

July 

14 

• • • 

36 

49 

177 26 

14 

33 E. 


16 


36 

07 

174 23 

13 

01 B. 


IG 

• • » 

34 

13 

172 16 

13 

26 B. 

Dec. 

16 


44 

30 

172 37 

16 

61 B. 


16 


46 

01 

172 18 

16 

50 B. 


16 


45 

50 

172 41 

17 

37 B. 


17 


48 

14 

172 49 

18 

19 B. 


18 


60 

16 

171 36 

19 

33 B. 


19 


61 

19 

172 08 

19 

08 B. 


20 


63 

ID 

173 06 

19 

18 E. 


21 


66 

02 

173 06 

21 

24 B. 


21 


66 

48 

172 69 

22 

11 E. 


21 


66 

08 

172 69 

22 

60 E. 


22 


67 

00 

174 00 

22 

21 E. 


23 


68 

44. 

177 06 

24 

21 E. 


1912. 







March 27 

f i » 

62 

16 

167 32 

19 

67 E. 


27 

... 

62 

11 

167 26 

20 

00 B. 


28 

... 

61' 

67 

167 38 

20 

10 B. 

Deo. 

14 


44 

01 

173 34 

17 

26 E. 


16 


46 

21 

174 31 

17 

33 E. 


16 


45 

36 

174 38 B. 

19 

38 E. 


18 


61 

42 

179 02 W. 

*20 

61 B. 


21 


64 

38 

176 46 

*21 

31 E. 

>9 

22 

... 

66 

26 

174 44 W. 

22 

18 E. 


1913. 







Feh. 

3 


68 

40 

167 47 B. 

*22 

23 E. 


4 


66 

32 

160 08 

*20 

25 E. 

March 14 


45 

34 

176 04 

*16 

23 E. 


16 


47 

12 

176 18 

*16 

07 E. 


16 


48 

41 

178 43 B. 

18 

10 E. 


17 


49 

41 

179 36 W. 

18 

40 E. 


17 


62 

12 

176 39 

20 

03 E. 


17 


62 

17 

174 60 

20 

66 E. 


18 


63 

41 

171 60 

*20 

12 B. 


19 


56 

06 

166 • 18 

*21 

26 B. 


20 


66 

36 

163 49 

21 

40 B. 

99 

20 


, 66 

66 S. 

163 11 W. 

21 

54 B. 


Bemarha. 


aociiracy. 


m 


2 B 




1. — Continued. 

North of 60° 8. Latitude. 


Q. — Va/riation from Single Observations — continued. 


Date. 

Latitude. 

Longitude. 

Vaiiation. 

BemarJks. 


1913. 



0 

f 

0 

/ 

o 

/ 


March 22 

... 

... 

66 

21 S. 

160 

22 W. 

*23 

68 E. 

* Too mucli motion for great 

» 

24 



66 

68 

163 

27 

24 

22 B. 

accuracy. 


24 



66 

66 

162 

00 

.*23 

29 E. 


April 

1 



66 

11 

120 

03 

27 

18 B. 


n 

3 

... 


66 

11 

109 

27 

*28 

66 E. 


ft 

4 

... 


66 

01 

104 

40 

27 

69 E. 


ft 

6 

... 

... 

66 

02 

100 

66 

28 

09 B. 


ft 

5 

... 

. . . 

66 

06 

99 

60 

29 

19 B. 


ft 

6 

... 


66 

13 

95 

21 

28 

22 B. 


ft 

7 



66 

23 

89 

39 

27 

07 E. 


r> 

7 

... 


56 

24 

89 

12 

26 

20 E. 


tt 

8 

... 


66 

30 

83 

23 

24 

19 E. 


ft 

9 



66 

30 

78 

06 

22 

26 B. 


tt 

12 



63 

49 

64 

13 

14 

64 E. 


»t 

16 


... 

46 

68 

60 

24 

9 

49 E. 


tt 

17 



44 

17 

67 

23 

6 

64 E. 


>r 

18 


... 

42 

46 

66 

28 

6 

23 E. 


tf 

19 



39 

66 

64 

32 

3 

46 E. 


>f 

20 



38 

49 

62 

62 

1 

31 E. 


it 

21 



36 

67 

61 

21 

0 

11 E. 


tt 

25 

... 


28 

OO 

46 

00 

6 

64 W. 


May 

1 



23 

03 

42 

60 

10 

46 W. 


j# 

2 



22 

66 

41 

34 

12 

62 W. 


}} 

2 


... 

22 

39 

40 

63 

12 

64 W, 


It 

3 

... 

... 

21 

41 

38 

62 

14 

17 W. 


tt 

4 



20 

64 

37 

34 

14 

51 W. 


tt 

4 



' 20 

29 

36 

45 

14 

66 W. 


it 

6 

... 


19 

30 

34 

46 

17 

26 W. 


tt 

6 



19 

23 

34 

32 

17 

01 W 


ft 

6 

... 


18 

22 

32 

36 

18 

33 W. 


tj 

7 


... 

17 

43 

31 

17 

19 

08 W. 


it 

7 

... 

... 

16 

61 

30 

46 

18 

66 W. 


tt 

8 

... 

... 

14 

42 

29 

30 

19 

42 W. 


ft 

9 

... 

... 

12 

11 

29 

02 

20 

21 W. 


tt 

10 

« * « 

... 

10 

30 

28 

31 

20 

39 W. 


tt 

10 



9 

21 

28 

19 

20 

14 W. 


It 

11 



7 

38 

27 

60 

20 

13 W. 


tt 

13 



4 

40 

27 

21 

20 

62 W. 


tf 

13 



4 

23 

27 

18 

20 

42 W. 


ft 

14 


... 

3 

63 

27 

07 

20 

26 W. 


tt 

14 

... 


2 

62 S. 

26 

37 

21 

00 W. 


it 

16 

... 


0 

22 N. 

26 

06 

20 

46 W. 


tt 

17 


... 

2 

48 

24 

46 

20 

44 W. 


tt 

19 



6 

64 

24 

06 

20 

33 W. 


tt 

26 

... 

... 

22 

60 

36 

09 

19 

33 W. 


it 

26 

... 

. . . 

24 

11 

34 

41 

19 

32 W. 


i> 

26 



26 

08 

34 

19 

19 

47 W. 


tt 

29 



29 

36 

33 

44 

21 

13 W. 


tt 

30 



33 

07 

34 

18 

22 

IS W. 


It 

31 


... 1 

34 

06 

33 

39 

*22 

63 W. 


June 

1 

... 

•-•1 

37 

01 N. 

30 

09 W. 

22 

62 W. 
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OBSEEVATIONS FOE VAEIATION TAKEN ON BOAED S.Y. "TEEEA 
NOVA,” BEIT. ANT. EXPEDN., 1910-13. 


II. (“ Variation ”). 

Antarctic Regions (for this purpose taJeen as South of 60° S.). 


II. Antaeotio Eegions. 


A, — Absolute VarMon obtained by " Swinging Ship.” 



Dato. 

Latitude. 

Longitude, 

Variation. 

Swing. 

Eemarka. 

Jan. 

1911. 

1 

0 / 

73 63 S. 

o / 

174 09 E. 

0 / 

92 46 E. 

VIII 


leb. 

8 

77 46 

166 16 

163 14 E. 

IX 


)) 

20 

71 20 

170 00 

66 52 E. 

X 



23 

69 43 

163 24 

61 64 B. 

XI 

Cardinal points only. 

Mar. 

4 

67 06 

160 64 B. 

36 03 B. 

XII 

it ti 9i 

Dec. 

27 

66 31 

176 28 W. 

39 07 E. 

XXIII 

Cardinal points and 

Jan. 

1912. 

6 

73 49 

171 61 B 

96 24 E. 

XXIV 

S.W. only. 

if 

7 

74 39 

168 10 

119 18 E. 

XXV 

Cardinal points only. 

it 

12 

76 24 

167 43 

139 10 B. 

XXVI 

»9 i> )9 

1) 

12 

76 64 

166 39 E. 

144 60 E. 

XXVII 


Deo. 

29 

69 48 

166 17 W. 

62 37 E. 

XXX 

Cardinal points only. 

Jan. 

1913. 

16 

(Arctic Shore C 
76’ 24 

oinpasB No. 2, sh 
173 06 E. 

ip])od in L.O. 
112 67 E. 

position.) 

XXXI 


a 

19 

77 41 

166 06 

161 41 E. 

XXXII 

L.C. Position. 

it 

19 

77 41 S. 

166 06 E. 

161 06 E. 

XXXII 

Standard. 


B. — Absolute Variation obtained wUh Landing Compass on Ice. 



Dato. 


Latitude. 

Longitudo. 

Variation. 

Xo. 

BiOmarIcs* 

Dec. 

1910. 

14 ... 


o / 

67 28-2 S. 

0 f 

177 68-8 W. 

o / 

43 47 E. 

II 


a 

16 ... 


67 23 

177 69 

43 69 E. 

II 


it 

20 ... 


68 40 

179 28 

47 09 E. 

III 


Dec. 

1911. 

29 ... 

. t • 

66 46 -7 

177 48 W. 

41 02 E. 

IV 


Jan. 

1912. 

11 ... 


76 03 

165 66 B. 

142 26 E. 

V 


a 

12 ... 


76 66-2 

166 39 

144 43 E. 

VI 


it 

16 ... 


77 21-6 

166 01 

161 04 E. 

VII 


it 

20 ... 


77 10-8 

164 13 

166 03 E. 

VIII 


it 

23 ... 


77 09-7 

164 10 E. 

163 49 E. 

IX 


Jan. 

1913. 

1 ... 


71 36 

166 01 W. 

61 24 E. 

X 


99 

4 ... 


71 26-7 

166 44 

62 06 E. 

XI 


99 

6 ... 


71 38-7 

166 47 

62 47 E. 

XII 


99 

8 ... 


71 49-1 

167 31 W. 

62 60 E. 

xin 


99 

20 ... 


77 46-7 

166 08 E. 

162 04 E. 

XIV 


99 

22 ... 


77 01 

163 11 E. 

164 43 E. 

XV 


99 

26 ... 

... 

74 66 S. 

163 46 E. 

136 66 B. 

XVI 
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IL Aotaeotio Continued. 

G. — Va/riation from Single Ohservations. 


Bate. 

Latitude. 

Longitude. 

Vaiiation. 

Eemarks. 

1910. 

Dec. 7 

0 r 

62 02 S. 

0 / 

179 03 W. 

o / 

*33 09 E. 

* Too much motion for great 

» 8 

63 11 

177 29 

*31 38 E, 

accuracy. 

» 8 

63 46 

177 16 

33 06 E, 


„ 9 

64 60 

177 06 

36 18 E. 


„ 9 

64 61 

177 07 

34 63 E. 


» 9 

66 32 

178 06 

39 64 E. 


10 

66 38 

178 47 

42 68 E. 


10 

66 60 

178 61 

42 38 E. 


,, 13 

67 30 

177 68 

41 46 E. 


» 14 

67 28 

177 69 

42 61 E. 


„ 14 

67 28 

177 69 

42 18 E. 


„ 16 

67 23 

177 68 

41 29 E. 


17 

67 24 

177 34 

42 02 E. 


» 19 

67 37 

178 18 

44 62 E. 


,, 19 

68 06 

178 38 

49 22 E. 


„ 20 

68 40 

179 28 

47 40 B. 


„ 20 

68 40 

179 28 

46 46 E. 


» 21 

68 33 

179 14 

48 64 E. 


„ 21 

68 34 

179 11 

48 60 E. 


„ 22 

68 26 

179 08 

47 22 E. 


» 22 

68 26 

179 08 

48 36 E. 


„ 22 

68 26 

179 08 

49 36 E. 


» 24 

69 03 

178 26 

63 41 E. 


.. 28 

69 17 

179 43 

62 07 E. 


» 28 

69 17 

179 43 W. 

56 01 B. 


» 30 

72 12 

177 16 E. 

74 04 E. 


„ 30 

72 44 

176 62 

78 38 E. 


„ 31 

72 67 

174 66 

82 11 E. 


» 31 

72 61 

174 65 

74 18 E. 


1911. 

Jan. 1 

72 46 

174 14 

78 20 E. 



72 61 S. 

174 15 E. 

86 39 E. 



Notes on Method used eob detekminino Deviation. 

In Boss Sea, i.e., taken as South of 66° S. 

The total force has been taken as constant for the whole of this area. Hence in this area : — 

The deviations caused by parameters P and Q (varviug inversely as tlie horizontal force) will vary 
inversely as cos dip. . b j 

The deviation caused by parameter “ little o varies as tan dip. At these extreme values of dip 
the secant and tangent are for practical purposes the same. 

Coefficient B varies therefore as tangent dip. 

Coefficient C „ « » secant dip. 

taken from the chart of lines of equal dip given on Plate 19 (Magnetic Observations) 
m Physical Observations ” of the Discovery Expedition. 

Betioeen 60° S. and 66° S. Latitude. 

The horizontal force and dip used have been taken from Admiralty Charts 3603 and 3698, the dip 
checked when possible by our own observations. 

'^en the coefficients used have been deduced from a awing in the Ross Sea, the total force for the 
Ross Sea has been taken as • 69. 
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II. Antarctic Regions — Oonlinued. 


C. — Va/riation from Single Observaiions — continued. 


Date. 

Latitude. 

Longitude. 

Variation. 

Remarks. 

1911. 

0 f 

0 / 

0 f 


Jan. 1 

73 29 S. 

174 03 E. 

90 36 E. 


„ 1 

73 43 

174 10 

91 49 E. 


„ 1 

73 43 

174 10 

91 62 E. 


„ 2 

74 27 

173 BB 

101 BOB. 


„ 2 

74 Bl 

173 B7 

106 19 E. 


., 2 

7B 16 

173 28 

116 04 E. 


„ 2 

7B 36 

172 69 

119 24 E. 


„ 3 

76 38 

170 67 

135 68 B. 


„ 3 

77 00 

170 36 

140 08 E. 


„ 28 

77 17 

166 10 

162 02 E. 


„ 28 

77 06 

166 13 

147 22 B. 


„ 28 

77 06 

166 23 

147 27 B. 


„ 28 

77 26 

169 30 

140 46 E. 


„ 29 

78 08 

176 16 

134 00 E. 


„ 29 

78 10 

176 03 

133 41 E. 


„ 29 

78 20 

176 18 

131 36 E. 


„ 29 

78 20 

176 69 

128 33 E. 


„ 29 

78 26 

178 00 

133 16 E. 


„ 29 

78 23 

179 24 E. 

130 21 E. 


,, 30... ... 

78 24 

178 20 W. 

126 03 E. 


„ 30 

78 24 

177 60 

126 47 E. 


„ 30 

78 25 

176 10 

126 40 B. 


„ 30 

78 2B S. 

175 36 W. 

120 01 B. 



Notes on Method used for determining Deviation. — Oontiniuxl. 


In Ross Sea, 

Owing to stoios being embarked and disembarked the coefficients for different periods have been 
taken as follows : — 


From Swing VIII 
From Swing IX 


From Swings -< XI 
XII 


Voyage Sooth, 1910-11 Season. 
an ... B-18'’-7, 0 -i-12'’-6, D + O'-S, inDip86“04:'. 

1910-11 Season — Period Jan. 28, 1911, to Feb. 17, 1911. 
[X ... B-20‘’-0, O + b^-O, D + 0‘’-2,inDip86'’27'. 

Voyage North, 1910-11 Season. 

J XI I J5 - 26°-71, 0 + 5‘’-52, D + 0°-8, in Dip 86° Bl'. 
Ull J „ 


XXIV 

XXV 


Voyage South, 1911-12 Season. 


From Swings ^ ^ S - 27°-30, C + 7°-66, D + 0°-7, in Dip 86° 32'. 

tXXVII J 

Voyage North, 1911-12 Season and all 1912-13 Season. 

XXXI \b- 28°-61, C + 4°<B2, D + 0°-8, in Dip 86° 28'. 
XXXII J 

1912-13 Season — L.O. Position. 

From Swings {§§ 1 } S - l°-6, 0 Nil, in Dip 86° 20'. 

From Various D + 1°*0, 
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II. Asttarotio REaioNS — GontinueA. 

G. — Vctriation from Single Observations — continued. 



Date. 

Latitude. 

Longitude. 

Variation, 

Eemarks. 

Jan. 

1911. 

31 

o / 

78 33 S. 

0 / 

174 04 W. 

0 f 

117 01 E. 

* Too much motion for great 

99 

31 

78 33 

173 64 

Ill 66 E. 

aociiraoy. 

9 > 

31 

78 32 

172 14 

116 09 B. 


99 

31 

78 29 

170 36 

112 38 E. 


99 

31 

78 28 

169 63 

110 32 E. 


>9 

31 

78 28 

169 68 

112 46 E. 


99 

31 

78 26 

170 40 

113 14 E. 


>9 

31 

78 22 

171 32 

113 41 E. 


99 

31 

78 14 

170 41 

109 62 E. 


99 

31 

78 21 

171 31 

Ill 66 B. 


Feb. 

1 

77 60 

168 00 

103 28 E. 


t> 

1 

77 30 

164 42 

94 61 E. 


99 

2 

76 62 

169 04 

88 17 E. 


99 

2 

76 56 

158 43 

88 10 E. 


99 

2 

77 00 

168 48 

91 10 B. 


99 

2 

77 06 

167 64 

90 26 B. 


99 

2 

77 06 

167 64 

89 09 E, 


99 

2 

77 06 

167 64 

87 02 E. 


•1 

2 

77 06 

168 14 

91 31 E. 


99 

2 

77 19 

168 26 

94 34 E. 


99 

3 

77 30 

168 20 

94 26 E. 


99 

3 

77 32 

168 18 

94 51 B. 


99 

3 

77 37 

168 26 

96 17 E. 


99 

3 

77 43 

168 36 

97 02 E. 


99 

3 

77 60 

168 69 

97 13 E. 


99 

3 

■77 64 

159 17 

97 69 E. 


99 

3 

78 17 

162 21 

102 36 E 


99 

3 

78 23 

163 21 

102 44 E. 


99 

6 

78 16 

170 42 

112 64 E. 


99 

6 

78 07 

172 18 W. 

113 38 E 


99 

8 

76 63 

170 00 E. 

134 16 E. 


99 

8 

77 08 

166 19 

147 20 E. 


99 

8 

77 17 

166 09 

164 03 B. 


99 

8 

77 26 

166 07 

162 60 E. 


99 

10 

76 09 

166 16 

143 07 E. 


99 

10 

76 06 

166 40 

138 63 E. 


99 

10 

76 01 

166 47 

139 40 E. 


'9 

11 

76 09 

168 04 

124 46 E. 


99 

11 

74 38 

168 66 

120 18 E. 


99 

11 

73 66 

169 63 

Ill 63 E. 


99 

16 

69 47 

173 00 

63 69 E. 


99 

16 

70 08 

169 46 

62 64 E. 


99 

17 

70 67 

168 24 

67 16 E. 


99 

17 

71 00 

168 30 

69 32 E. 


99 

17 

71 14 

168 67 

64 23 E. 


9 ^ 

17 

71 24 

169 32 

68 64 E. 


99 

17 

71 27 

169 43 

68 68 E. 


91 

21 

68 41 

167 36 

*43 32 E. 


99 

21 

68 40 

166 46 

*44 01 E. 


99 

22 

68 46 

166 48 

44 60 E. 


99 

22 

69 07 

. 164 68 

61 16 E. 


■" 

22 

69 23 S, 

163 69 E. 

66 27 E. 
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II. Antarotio Regions — Continued. 

Q. — y ceriation from Single Observations — continued. 



Date. 

Latitude. 

Longitude. 

Variation. 

EomarkB. 

Fob. 

1911. 

22 

0 / 

69 27 8. 

O f 

163 47 E. 

0 / 

64 24 E, 

* Too much, motion for great 

99 

22 

69 38 

163 36 

67 22 B. 

accuracy. 

99 

22 

69 43 

163 24 

64 19 B. 


If 

23 

69 34 

163 00 

48 14 B. 


99 

23 

69 33 

162 68 

48 34 B. 


93 

23 

69 40 

163 10 

49 14 B. 


99 

23 

69 30 

162 49 

61 20 E. 


93 

23 

69 19 

162 14 

52 56 B. 


19 

26 

68 53 

168 09 

46 01 E. 


99 

26 

68 52 

168 34 

46 07 E. 


39 

26 

68 47 

168 36 

43 68 E. 


99 

26 

68 43 

168 37 

46 46 E. 


39 

26 

68 41 

168 36 

44 00 E. 


99 

26 

68 38 

168 27 

41 60 E. 


99 

28 

68 18 

160 34 

42 46 E. 


99 

28 

68 14 

160 38 

40 38E. 


99 

28 

68 12 

160 36 

39 23 E. 


99 

28 

67 64 

160 22 

38 02 E. 


Mar. 

1 

67 32 

169 32 

34 10 E. 


9) 

2 

67 36 

160 14 

36 11 B. 


99 

2 

67 36 

160 22 

34 28 E. 


99 

6 

66 44 

161 18 

32 26 E. 



6 

66 43 

161 26 

34 14 E. 


99 

6 

66 35 

161 40 

36 34 E. 


99 

5 

66 20 

161 38 

32 20 E. 


99 

6 

65 23 

161 28 

31 14 E. 


99 

7 

66 01 

161 24 

27 30 E. 


93 

7 

65 00 

161 22 

30 64 B. 


9f 

7 

64 54 

161 08 

29 39 E. 


99 

11 

61 16 

163 11 

*28 24 B. 


9t 

11 

61 10 

163 01 B. 

*24 49 B. 


Deo. 

24 

60 57 

178 00 W. 

29 44 E. 


99 

26 

63 46 

176 46 

33 59 E. 


39 

28 

66 11 

177 06 

38 09 E. 


99 

29 

66 46 

177 48 

39 25 B. 


99 

29 

66 46 

177 48 

41 46 E. 


Jau. 

1912. 

1... 

68 22 1 

178 04 W. 

46 27 B. 

1 

)) 

1... 

69 02 

179 48 E. 

62 12 E. 



2... 

70 28 

174 03 

67 48 B. 


9) 

2... 

70 37 

173 38 

68 18 E. 


9 j 

3... 

71 08 

171 11 

63 11 E. 1 


99 

4... 

71 10 

170 10 

71 34 B. 


99 

4... 

71 10 

170 10 

67 30 B. 


19 

4... 

71 10 

170 10 

67 07 B. 


99 

6... 

71 58 

172 12 

71 09 B. 


99 

6... 

72 39 

172 18 

80 62 E. 


99 

6... 

73 56 

171 19 

99 26 E. 


99 

6... 

74 00 

171 18 

99 02 E. 


99 

6... 

, 74 03 

171 19 

100 30 E. 


99 

6... 

, 74 14 

170 30 

106 16 E. 


» 

6... 

. 74 19 S. 

169 38 E. 

107 03 E. 

1 
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11. Antarotio Regions — Oorainued. 

G. — VariMion from Single Observations — continued. 



Date. 

Latitude. 

Longitude. 

Variation. 

Bemarks. 

Jan. 

1912. 

6 

o / 

74 26 S. 

o / 

169 60 E. 

o / 

106 07 E. 

* Too much motion for great 

»j 

7 

74 36 

169 00 

117 36 E. 

accuracy. 


7 

74 60 

168 07 

119 18 E. 

ij 

7 

76 32 

169 09 

124 34 E. 

’ 


7 

76 34 

169 33 

124 42 E. 


jj 

7 

76 38 

169 22 

128 01 E. 


39 

7 

76 48 

169 06 

128 42 E. 


33 

7 

76 47 

•168 19 

130 30 E. 


33 

7 

76 46 

167 36 

133 06 E. 


33 

8 

76 36 

166 68 

137 46 E. 


33 

8 

76 32 

166 23 

136 32 E. 


33 

8 

76 09 

163 69 

133 27 E. 


33 

9 

76 00 

163 66 

134 57 E. 


33 

12 

76 01 

167 03 

136 33 E. 


33 

12 

76 02 

167 16 

137 16 E. 


33 

12 

76 34 

167 23 

143 61 B. 


33 

12 

76 47 

167 04 

147 00 B. 


33 

12 

76 49 

166 47 

149 36 E. 


Mar. 

7 

74 48 

170 39 

109 06 E. 


33 

8 

73 60 

174 11 

92 39 E. 


33 

8 

73 17 

174 00 

86 43 E. 


33 

10 

70 43 

174 06 

*61 00 E. 


33 

14 

68 46 

172 38 

*44 36 E. 


33 

16 

68 03 

169 33 

*44 20 E. 


33 

16 

66 61 

164 47 

*34 36 E. 


33 

17 

65 36 

161 41 

*27 46 E. 


33 

17 

66 14 • 

161 28 E. 

*30 03 E. 


Dec. 

26 

62 09 

167 67 W, 

*33 12 E. 


33 

27 

66 26 

166 01 

*37 12 E. 


33 

27 

66 18 

166 04 

*39 06 E. 


33 

28 

67 42 

166 06 

46 09 E. 


33 

28 

68 20 

166 10 

48 00 E. 


33 

29 

68 48 

166 10 

49 00 E. 


33 

29 

89 13 

166 16 

60 03 E. 


>3 

29 

69 41 

166 16 

63 60 E. 


>3 

30 

70 01 

166 17 

64 27 B. 


f> 

30 

70 09 

166 17 

*66 07 B. 


33 

30 

70 67 

166 11 

68 44 B. 


33 

30 

70 67 

166 11 

68 06 E. 


33 

31 

71 07 

166 16 

68 23 E. 


33 

31 

71 24 

166 00 

61 26 E. 


Jan, 

1913. 

1 

71 36 

166 01 

62 22 E. 


33 

3 

71 29 

166 00 

61 19 E. 


33 

3 

71 29 

166 00 

61 45 E. 


33 

4 

71 26 

166 48 

59 62 B. 


93 

6 

71 36 

166 30 

61 43 B. 


33 

6 

71 41 

166 47 

63 00 E. 


3» 

6 

71 41 

166 47 

63 08 E. 


>3 

6 

71 41 

166 47 

62 26 E. 


33 

8 

71 49 

167 31 

62 06 B. 


33 

9 

71 44 S. 

167 67 W. 

61 34 B. 
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II. Antabotio ’Rmiom—Gofainued. 

G, — Variation from Single Observations — continued. 


Date. 

Iiatibude. 

Longitude. 

Variation. 

Remarks. 


1913. 

0 / 

0 / 

o / 


Jan. 

9 

71 44 S. 

167 67 W. 

61 22 E. 

* Too much motion for great 

» 

9 

71 44 

167 67 

62 48 E. 

accuracy. 

)} 

12 

72 00 

168 17 W. 

63 67 E. 


i» 

16 

74 61 

177 04 B. 

98 41 E. 


97 

16 

74 68 

176 34' 

*98 44 E. 


77 

16 

76 11 

176 32 

*103 42 E. 


77 

16 

76 38 

171 47 

116 44 E. 


77 

17 

76 44 

170 67 

123 07 E. 


77 

17 

76 60 

170 28 

122 31 E. 


77 

17 

76 03 

169 31 

129 68 E. 


77 

17 

76 06 

169 24 

130 62 E. 


77 

17 

76 14 

168 69 

134 21 E. 


77 

]7 

76 18 

168 61 

136 26 E. 


77 

17 

76 19 

168 49 

137 22 E. 


77 

17 

76 27 

168 47 

136 43 E. 


77 

17 

76 33 

169 06 

139 43 E. 


77 

17 

76 34 

169 06 

141 50 E. 


77 

18 

77 02 

168 14 

138 16 E. 


77 

18 

77 02 

168 10 

144 03 E. 


7 t 

18 

77 06 

167 33 

146 18 E. 



18 

77 06 

167 33 

146 00 E. 

L.O, Position 

77 

23 

76 39 

166 36 

141 30 E. 


77 

23 

76 39 

166 36 

146 66 E. 

L.C. Position, 

77 

24 

76 20 

167 07 

138 17 E. 


77 

24 

76 14 

167 11 

136 02 E. 


'77 

24 

76 14 

167 11 

143 33 E. 

L,0. Position. 

77 

24 

75 68 

167 46 

134 48 E. 


77 

24 

76 68 

167 46 

136 28 E. 

L.O. Position, 

77 

26 

76 22 

166 27 

133 04 B. 


77 

25 

76 22 

166 27 

131 40 B. 

L.O. Position* 

77 

26 

76 18 

166 06 

130 13 E. 


77 

26 

76 18 

166 06 

131 62 E. 

L.O. Position. 

77 

26 

76 16 

166 52 

128 66 E. 


77 

25 

75 16 

165 52 

131 39 E. 

L.O. Position* 

77 

26 

76 08 

166 20 

126 47 E. 


77 

26 

76 08 

166 20 

131 62 B. 

L.O. Position* 

77 

26 

76 02 

164 63 

129 43 E. 


77 

26 

76 02 

164 63 

131 26 B. 

L.O. Position. 

77 

26 

74 66 

163 46 

139 17 B. 


77 

26 

74 60 

168 03 

121 64 E. 


77 

26 

74 60 

168 03 

119 34 E. 

L.O. Position. 

77 

26 

74 44 

168 24 

117 38 E. 


77 

26... 

74 44 

168 24 

116 43 B. 

L.O. Position. 

77 

26 

74 38 

168 36 

116 48 E. 


77 

26 

74 38 

168 36 

116 01 E. 

L.O. Position. 

77 

26 

74 28 

169 21 

108 03 E. 


77 

26 

74 28 

169 21 

106 36 B. 

L.O. Position. 

77 

27 

74 20 

171 48 

107 43 B. 


77 

27 

74 11 

172 11 

106 01 B. 


77 

27 

74 11 

172 11 

106 11 E. 

L.O. Position. 

77 

28 

72 23 

174 68 

81 44 B. 


77 

30*. • ... 

67 18 S. 

167 61 E. 

41 36 B. 





B. A. B. 


VARIATION OBSERVED ON BARRIER AND PLATEAU, 1911 AND 1912, 
BY LIEUTENANTS E. R. EVANS AND H. BOWERS. 


Vaeiation by Observations taken on Southern Journey. 


Data 

Latitude. 

Longi- 

tude. 

True Bearing. 

Oomp. Bearing. 

Variation. 

Remarks. 


s. 

E. 


1 




Observations by Lieutenant Evans. 


1911. 

0 / // 

0 / 

o t 

o / 

o / 


'Noy, 10 

79 40 00 

169 22 

N. 28 36 W. 

N. 177 06 E. 

164 19 E. 


» 16 

80 31 40 

169 23 

N. 78 30 W. 

N. 124 26 E. 

167 04 E. 


„ 24 

81 14 63 

170 01 

N. 62 63 E. 

N. 96 19 W. 

168 12 E. 


» 29 

82 20 67 

170 31 

N. 64 00 W. 

N. 146 16 E. 

160 46 E. 


Dec. 16 

84 13 62 

170 49 

S. 64 17 W. 

N. 70 20 E. 

163 67 E. 


„ 19 

84 44 16 

166 47 

S. 69 23 W. 

N. 69 46 E. 

169 38 E. 


» 22 

86 13 29 

161 66 

S. 66 04 W. 

N. 69 20 E. 

176 44 E. 


» 24 

86 36 11 

169 08 

S. 72 43 W. 

N. 73 01 E. 

179 42 E. 


» 26 

86 02 00 

160 20 

S. 72 42 W. 

N. 73 66 E. 

178 46 B. 


» 28 

86 27 02 

161 01 

S, 80 02 W. 

K 82 12 E. 

177 60 E. 


» 31 

86 66 47 

161 38 

N. 84 19 W. 

N. 98 06 E. 

177 36 E. 


1912. 







Jan. 2 

87 19 06 

160 46 

N. 86 06 W. 

N. 96 16 E. 

178 39 E. 



Observations by Lieuiemmt Bowers. 


1912. 







Jan. 5 

87 67 00 

169 13 

S. 86 34 W. 

N. 86 28 E. 

178 64 W. 

Nothing in obser- 







vation to explain 







this difierence. 

» 7 

88 10 46 

169 43 

N. 63 10 E. 

N. 124 56 W. 

178 06 E. 


9 

88 26 00 

169 18 

S. 78 46 W. 

N. 79 27 E. 

179 19 E. 


10 

88 34 44 

169 48 

S. 86 60 W. 

N. 87 41E. 

178 09 E. 

Only accurate to 







nearest degree. 

» 12 

88 67 26 

160 21 

S. 83 06 W. 

N, 83 24 E. 

179 41 E. 


„ 13 

89 08 64 

160 68 

8. 83 36 W. 

N. 86 08 E 

178 27 E. 


» 15 

89 33 16 

160 67 

8. 82 23 W. 

N. 83 60 E. 

178 33 E. 


Variation taken on 

Depot Journey by lAeutenaM Evans. 

1911. 







Jan, 30 

77 64 18 

167 17 

N. 8 30 W. 

8. 22 00 W. 

149 30 E. 



The above observations are all time azimuths ; the error of the watch on S.A.T. (solar apparent 
time) being ascertained at the same time in the sights taken for position ; and therefore the S.A.T. used 
is independent of any error in position arising from a possibly erroneous G-.M.T. 

Compass bearings taken with compass needle attached to theodolite. 
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OBSEEVATIONS FOR DIP TAKEN ONBOARD S.Y. "TERRA NOVA” R.Y.S. 

B. A. E., 1910-13. 


SUMMAKT OF RESULTS AND DISCUSSION. 

I. 

Outside Antarctic Regions (i.e., for this purpose counted as North of 61° 8.). 

II. 

InsidiC Antarctic Regions {South of 66° 30' 8.). 

The corrections were applied as follows : — 

1st. Correction for instrumental differences. 

2nd. The value of N calculated from formula (ii) or (iii) below. 

3rd. A calculated from (iv) and applied to N gives tangent of corrected dip. 


Notation used and Formuks. 

The notation adopted is that used in " The Admiralty Manual of Deviations of the 
Compass ” ; also— 

V = Vertical force on board due to permanent magnetism. 

Z = Vertical force absolute. 

d = Coefficient of vertical force due to induction in soft iron. 

A — Correction due to vertical force of the ship. 

N = Natural tangent of dip on board before correction for vertical force of ship 
and after correction for ship’s head. 

H = Horizontal force absolute. 

z — Magnetic course, z' Compass course at L.C. position. 

5 = Maximum effect on the dip caused by “ rod g ” (Ad. Man.). • 

0' = Dip as observed, corrected for instrumental error only. 

6 = Dip absolute. 

= Dip as represented by tan“^ N. 


Formulce. 

(i) 1 -f- d + = /i. 


(ii) 

(iii) 


(iv) 

(V) 

(vi) 


S cos z + N = 


(cos z + - 


sin B 


1 + sin D 

S cos z + N = 

(1 — sinD) sin z — 


sec 




z' tan 6' (For N and S quadrants) 

sin C ) cosec z' tan 6' (For E 
_j_ ^ quadrants) 



+ d tan 6. 


Correction for vertical force. 


I Correction for 
Direction of 
Ship’s Head. 


Ai = X (1 + sin D). 

Tan 6 = tan • — (for Antarctic only. See after). 


443 



OuTWAUD Voyage — England to Axjstbalia, June-Ootobeb, 1910. 


Between. England and Anstralia the same values have been used for V and d as 
were found between New Zealand and England (Homeward Voyage). 

Owing to the stores on board these values can only be considered approximate, 
the reliability of the results in the more unknown parts of the ocean can be judged 
from comparing how closely those in the Atlantic agree with the true. 


V + -00793 
d + -0096 


j-For discussion, see under Homeward Voyage. 


S — • 00767. Mean of values found at Spithead, False Bay, Port Phillip. 
X • 9644. Mean of values found at Spithead and False Bay. 

D 4- 1° 36'. Mean of five swings between Spithead and False Bay. 

II to VIII. Observed with Lloyd-Creak Circle 149, Needle 1. 


IX to XV. Observed with Lloyd-Creak Circle 143, Needle 1. 


No. 

Bate. 

Latitude* 

Longitude. 

Observed 

Bip. 

Corrected 

Bip. 

Remarks. 


1910. 

0 r 

0 t 

O f 

0 ; 

i 

II 

June 26 

32 36 N. 

16 67 W. 

64 60 -eN. 

64 42N. 


in ... 

IV 

V 

29 

July 7 
„ 9 

27 02 

15 30 

10 69 

20 26 

25 22 

24 34 

47 46-4 

34 01 

26 66 

47 46 

34 67 

26 49 

1 

VI 

„ 15 

0 47 N. 

22 00 

6 19 N. 

7 27N. 

H 

VII ... 

Aug. 3 

30 09 8. 

19 36 W. 

36 33-7 S. 

36 36 S. 

07 

CO 

VIII ... 

„ 13 

36 27 

9 60 E. 

68 03-6 

67 23 

oT 

IX ... 

Sept. 2 

34 16 

18 31 

60 44-7 

60 16 

■§ 

•R 

o 

X 

» 12 

39 56 

39 45 

67 18-7 

66 60 

XI 

„ 16 

40 02 

67 04 

67 24 

66 68 

XII ... 

24 

39 20 

84 52 

69 03-7 

68 66 

h 

XIII ... 

.. 28 

40 54 

97 12 

71 31-7 

71 20 

w 

XIV ... 

Oot. 1 

42 13 

104 27 

73 46 

73 26 

1 

XV ... 

» 6 

41 60S. 

117 46 E. 

74 27 8. 

74 06 S. 

S 


InstrumeYitat OorrecUom. 

L.C. Circle 149, Needle 1,— 7'. Observed at Kew, May, 1910. 

— 4'. Observed at Simonstown, August, 1910. 

L.O. Circle 143, Needle 1,— 6' ’5. Observed at Simonstown, August, 1910. 

— 3''3. Observed at Christcliurch (various times), 1910-12. 

End of observations whose corrections must be considered approximate. 

The following approximate co-efficients ” of the L.C. compass were ascertained by comparison with 
the standard compass when “ swinging ship.” 


Swing. 

Bate. 

Latitude. 

Longitude. 

A. 

B. 

0. 

B. 

B. 

I ... 

n ... 
m ... 

IV ... 

V ... 

1910. 

June 3id 

„ 16 

.. 29 

July 29 

Sept. 2 

Spithead. 

60 26 N. 
32 36 N. 
20 10 S. 
34 10 S. 

Spithead. 

6 19 W. 
16 66 W. 
29 21 W. 
18 29 E. 

o / 

■fO 46 
+0 64 
-1-0 42 
-1-0 42 
+0 61 

0 t 

-0 12 
-0 17 
-0 16 
-0 37 
-f 0 12 

0 / 

-1 12 
-0 30 
-0 40 
-0 29 
~0 39 

0 t 

-l-l 38 
-fl 38 
-fl 30 
-f-1 31 
-HI 36 

o / 

-0 03 
-0 03 
+0 26 
-0 14 
-fO 11 


A is taken as apparent only— due to faulty Lubber’s Point. 

E is neglected as occurring from faulty observation probably. 
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New Zealand to 61° S. Seasons 1910-11, 1911-12, 1912-13. 

Observations for dip were not taken when ship had stores on board stowed so that 
they might affect the L.C. Position. 

V = + -00793, d=-\- -0096, 
as found from the formula I A = p. from ; — 

/j 

June 13, 1913, in Bristol Channel, where H = -186 and dip 66“ 69' N., (i was foxmd 
1-0277. 

March 31, 1911, outside Lyttelton, where total force = -6986 and dip 67“ 68' S., 
p was found - 9962. 

f 9, XII, 1911. 

S = — ’01708. Mean of three values found ofi Banks Peninsula 131, m, 1911. 


X — 1-000. ,, ,, ,, „ 

D = + 1“ 24'. Mean of two swings ofE Banks Peninsula. 


126, XI, 1912. 

9i 


Observed with L.C. Circle 143, Needle No. 1. 


No. 

Date. 

Latitudo. 

Longitude, 

Observed 
Dip. S. 

Corrootocl 
Dip. S. 

Boniarkfl. 



0 f 

O f 

0 f 

D / 


XX 

XXI ... 

Mar. 11, 1911 ... 

61 11 S. 

103 06 E. 

80’ 67 

80 46 

Conditions unsatis- 
factory. 

XXII ... 

Dee. 17,1911 ... 

47 36 

173 07 E. 

70 01-2 

69 61 


XXIII ... 

„ 18, 1911 ... 

49 60 

171 39 E. 

71 47-3 

71 37 


XXIV ... 

„ 21, 1911 ... 

66 26 

173 02 E. 

76 03-8 

76 46 


XXV ... 

„ 22, 1911 ... 

67 20 

174 17 E. 

77 27-8 

77 06 


XXVI ... 

„ 23, 1911 ... 

68 58 

177 38 E. 

78 22*0 

77 66 


XXVII ... 
XXXV A, 

B, C, D. 

„ 24, 1911 ... 

60 37 

178 43 W. 

78 49 

78 23 

Not entirely satis- 
factory. See Mag. 
Log. and Work 
Book A. 

XXXVI... 

Dec. 16,1912 ... 

46 21 S. 

174 27 E. 

69 04-8 

68 47 



In reducing the above observations a mean was taken from the two following sets of approximate 
coeflB.cieats of the L.O. compass, which were ascertained by comparison with the standard compass when 
" swinging ship.” 


Swing. 

Date. 

Latitude. 

Longitude. 

A. 

B. 

0. 

D. 

E. 

XIII ... 
XXIX ... 

Mar. 31,1911... 
Nov. 26, 1912 ... 

o / 

43 37 S. 
43 34 S. 

o / 

173 12 B. 
172 66 B. 

o / 

+0 18 
+0 43 

0 f 

+0 40 
+0 07 

0 / 

+0 33 
+0 06 

o / 

+1 20 
+1 27 

0 / 

+0 10 
—0 09 
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New Zealand to England, 1913. 


As before, V + *00793, d + *0096, 

8 — *01624. From mean of values, March 31, 1911, and November 26, 1912, o£E 
Banlcs Peninsula, and Jime 13, 1913, in Bristol Channel. 

X = *980. From mean of values, March 31, 1911, ofi Banks Perdnsula, and 
June 13, 1913, in Bristol Channel. 

D = + r 24'. 


Observed \vith L.C. Circle 143, Needle No. 1. 


No. 

Bate. 

Latitude 8. 

Longitude, W. 

Observed 
Bip. S. 

Corrected 
Bip. S. 

Remarks. 



1913. 


0 


0 

/ 

0 

/ 

o 

f 


XLI z ... 

Mar. 23 ... 


66 

02 

156 

29 

73 

40*6 

73 

12 


XLII ... 

April 13 ... 


61 

64 

63 

44 

46 

33 

46 

44 


XLIII ... 

9) 

16 ... 


47 

36 

60 

68 

41 

37 

40 

18 


XLIV ... 

99 

18 ... 


42 

42 

56 

28 

36 

36 

36 

14 


XLV ... 

9) 

19 ... 


40 

00 

64 

36 

33 

62 

32 

04 


XLVI ... 

>9 

20 ... 


38 

60 

62 

63 

33 

34 

31 

43 


XL VII... 

99 

23 ... 

•... 

33 

09 

49 

16 

27 

26 

26 

13 


XLVIII 

99 

26 ... 


28 

02 

46 

01 

21 

67 

19 

48 


XLIX ... 

May 

2 ... 


22 

61 

41 

23 

18 

18 

16 

59 


L 

99 

3 ... 


21 

68 

39 

27 

17 

18 

14 

68 


LI 

99 

4 ... 


20 

• 61 

37 

29 

17 

12 

14 

64 


LII ... 

99 

6 ... 


19 

41 

38 

08 

17 

24 

16 

06 


LIII ... 

99 

6 ... 

... 

18 

49 

33 

30 

17 

03 

14 

46 


LIV ... 

99 

7 ... 


17 

44 

31 

18 

17 

10 

14 

66 


LV 

99 

8 ... 

... 

14 

44 

29 

31 

14 

23 

12 

06 



ImtrumeTUal Oon'ection. 

L.C. Circle 143, Needle No. 1,— 3' *3. Observed at OhriatcliurolL (various times), 1910-12. 

— ■ 4' -5. Observed at Kew, October, 1913. 

— 6' *5. Observed at Simonstowu, August, 1910. 

In the reduction of the above observations use was made of the following approximate coefficients 
of the L.C. compass, which were obtained by comparison with the standard compass when “ swinging ship.” 


Swing. 

Bate. 

Latitude. 

Longitude. 

A. 

B. 

0. 

B. 

E. 

xin ... 

XXIX ... 
XXXVI 

Mar. 31, 1911 ... 
Nov. 26, 1912 ... 
April 13, 1913 ... 

0 / 

43 37 S. 
43 34 8. 
62 09 8 

o r 

173 12 E, 
172 66 E. 
63 47 W. 

0 / 

+0 18 
■i"0 43 
+0 40 

0 / 

+0 40 
+0 07 
+0 21 

o r 

+0 33 
+0 06 
+0 66 

o r 

+1 20 
+1 27 
+1 46 

o / 

+0 10 
-0 09 
-0 20 


A mean from swings XIII and XXIX was combined with swing XXXVI. 
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II. — ^Antarctic Regions. 


Tlie metkod of correction adopted is that used hy Captain Chetwynd for the 
“ Discovery ” observations, as explained in Section IX (p. 144) of Physical Observations 
(Nat. Ant. Expedition, 1901-04). 

On p. 146 Captain Chetwynd shows that — 

XV 

tan 6 = tan d„ x 

V = absolute vertical force, Vi = mean vertical component on board, 

Vi 


where 

but 


IS p 


. • . tan 6 = tan X - 

r 77° 10 ' s. 

X and fji were found in •< 164° 10' E. 

L 23, 1, 1912. 
X 1-0072 
u -9966 


r 77° 41° s. 
^ 166° 06' E. 
L 19, 1, 1913. 
1-0094 
-9985 


>, X = 1-0083, taken as 1 -000, 
a = -998 - = 1-002. 


Mean value of S is + -0364 (from g = — -064 and + -128). As all the reliable 

values of S outside the Antarctic are — this is probably erroneous and S is taken 

as zero. 

This is a small matter for with S of value -0364 — 

The maximum correction {i.e., on N. or S.) in a dip of 86° is under 2'. 

The maximum correction {i.e., on N. or S.) in a dip of 87° is under 1'. 


D = + 1° 00'. 

The total force for the whole of the Ross Sea has been assumed to be constant and 
is taken as 0-69, the value found by the “ Discovery.” 

Hence in determining the values of B and G, B may be taken as varying directly 
as tan dip ; G directly as sec dip. 


Tlie following “ approximate co-efficients of the L.C. compass were ascertained by comparison with 
the standard compass when “ swinging ship ’’ (except XXXII, which is from direct observations taken 
with the “ Arctic compass ” shipped in the L.O. position). 


Swing. 

Date. 

liEtitude. S. 

Longitude. E. 

B 

B. 

0. 

D. 

E. 

X 

XXIV ... 
XXVII 
XXXI ... 
XXXII 

Feb. 19. 1911 ... 
Jan. 6, 1912 ... 
„ 12, 1912 ... 

„ 16, 1913 ... 

„ 19, 1913 ... 

o / 

71 20 

73 49 

76 64 

76 24 

77 41 

0 / 

170 00 

171 61 

166 39 

173 06 

166 06 

0 r 

+1 69 
+1 01 
+1 06 
-0 06 

O f 

+1 16 
"|"1 29 
+1 07 
~~1 36 
-1 36 

0 / 

-0 06 
+6 10 
+3 19 
+1 11 
-1 08 

o / 

+1 20 
+1 22 
+0 36 
+0 64 
+0 49 

0 f 

+0 07 
-0 20 
-1 00 
+0 10 
+0 40 







Instrumental Errors. 


L.O. Circle 143, Needle No. 1. 


Jan. 6 and 6, 1911, On ice, over 120 fathoms, ofi Cape Evans (of. p. 423). 

o / 


o / 


L.0. 143, Needle 1 ... 


Mean 

Excess of L.O. 143, Needle 


... 87 

01-6 

Barrow Circle 27, 

Needle 1 

86 

49-0 

... 

01-3 

93 

27 

99 2 

- 

47-5 

... 87 

01-5 

99 

27 

„ spare 


48-9 



*9 

26 

„ 2? 


48-7 

1. 

13' 

99 

26 

» 8 


49-0 





Mean 

.. 86 

48*6 


Checked by synohionous observations, January 21, 1913, •vrbioh, however, proved to be ragged, and 
above is taken as more accurate. 


Antabctic Regions. 


Observed with L.O. Circle 143, Needle 1. 


No. 


Date. 

Latitude. 

Longitude. 

Observed 
Dip. S. 

Correoted 
Dip. S. 

Remarks. 

XVI 

Peb. 

22, 1911 

0 

69 

/ 

17-6 S. 

0 

164 

r 

16-1 B. 

0 

86 

/ 

06 

0 

86 

t 

16 


XVII ... 

99 

26, 1911 

68 

63 

168 

39 E. 

87 

43 

87 

16 


XVIII ... 

99 

28, 1911 

68 

07 

160 

31 E. 

86 

26 

86 

02 


XIX 

Mar. 

4, 1911 

67 

03 

160 

67 E. 

85 

47 

86 

29 


xxvin ... 

Dec. 

29, 1911 

66 

46 

177 

48 W. 

82 

62 

82 

33 


XXIX ... 

Jan. 

1, 1912 

69 

07 

179 

27 E. 

84 

00 

84 

09 


XXX ... 

99 

6,1912 

72 

10 

172 

10 E. 

86 

43 

86 

30 


XXXI ... 

99 

7, 1912 

76 

43 

169 

03 E. 

87 

11 

86 

46 


XXXII ... 

99 

13, 1912 

76 

64 

166 

39 E. 

— 


86 

18 

Mean of corrected 

XXXVII 

99 

3, 1913 

71 

29 

166 

00 W. 

83 

14 

82 

64 

observations on 
N.,E.,8.andW., 
see p. 449. 

XXXVIII 

99 

6,1913 

71 

41 

166 

47 W. 

83 

26 

83* 

02 


XXXIX ... 

99 

9,1913 

71 

44 S. 

167 

67 W. 

83 

50 

83 

22 



The followiag absolute values were found by Barrow dip circles taken on ice over 
deep water, the observations on January 6 and 6 being taken about 1 mile off Cape Evans. 


No. 

Date. 

Latitude S. 

Longitude. 

Dip S. 

Circle used. 

Remarks, 

XV (a to g) 

Jan. 6 and 6, 

o t 

77 38 

0 / 

166 26 E. 

0 r 

86 48-6 

Barrow Nos. 

Mean of 5 


1911 




26 and 27 

needles. 

XXXIII ... 

Jan. 16, 1912 

77 21-6 

166 01 E. 

86 14 

Barrow No. 27 

Mean of 2 







needles. 

XXXIV ... 

„ 23,1912 

77 09-7 

164 10 B. 

86 18 

Barrow No. 27 

Mean of 2 






1 

needles. 

XXXVIIIa 

„ 6, 1913 

71 40-7 

166 47 W. 

83 21 

Barrow No. 27 







Needle No. 1 


XL (a to g) 

„ 21,1913 

77 46-7 

166 08 E. 

86 66 

Barrow Nos. 

Mean of 4 






27 and 186 

needles. 

XLI (a to d ) 

„ 22,1913 

77 01 

163 11 E. 

86 22 

Barrow Nos. 

Mean of 4 






27 and 26 

needles. 
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On January 13, 1912, in 76® 64' 8., 166° 39' E., observations for dip were made with ship’s head N., E., S. 
and W. The observed values were — 


Head. 

Observed Dip. 

o / 

N. 

86 

33-6 

E, 

86 

42 

S. 

86 

09-1 

w. 

86 

47-2 


After correcting for instrumental error, and for direction of ship’s head by formulse (ii) and (iii), these 
values were : — 


Head. 

Dip (Tan-i N). 

Deviation 
from Mean. 

Hoad. 

Dip (Tan-i N). 

Deviation 
from' Mean. 

N. 

o / 

86 21 

/ 

+3 

s. 

o r 

85 66 

/ 

-22 

E. 

86 19 

+1 

w. 

86 36 

+18 


The values of the dip so reduced Tan"”^ N) should be the same for all directions of the ship’s head. 
It will be seen that the diSerences are considerable. 

The differences as found were plotted and a curve drawn from which the correction for any direction 
of ship’s head could be measured, and these corrections were applied as a constant for the particular direction 
of the ship’s head during each observation. 

The procedure was as follows : — 

1st. Correction for instrumental differences. 

2nd. Correction applied as taken from curve. 

3rd. The value of N obtained by formules (ii) or (iii). 

4.th. Final dip obtained from formula tan 0 = tan 0n “ (see before). 




Hourly Values. 
— ^February, 1911. 


2000y (-02 C.G.S. Unit) + 


UaJ, 

Oh. 

1 h. 

2h. 

3h. 

4h. 

6 h. 

6h, 

7h. 

ah. 

Oh. 

10 h. 

11 h. 

12 h. 

13 h. 

14 h. 

1 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

y 

Y 

Y 

Y 

y 

Y 

Y 

Y 

2 

3 



— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 


— 

— 

4 

6 









z 

__ 



162 

193 

278 

337 

6 

350 

360 

281 

306 

261 

249 

213 

196 

168 

160 

160 

186 

212 

234 

236 

7 

313 

288 

262 

299 

260 

231 

160 

210 

176 

126 

264 

227 

306 

208 

251 

8 

326 

313 

268 

288 

318 

276 

237 

251 

229 

324 

166 

197 

196 

206 

281 

9 

296 

263 

313 

307 

229 

238 

260 

270 

202 

231 

320 

191 

277 

260 

281 

10 

341 

300 

286 

289 

292 

248 

225 

233 

260 

218 

168 

193 

209 

216 

224 

11 

306 

289 

260 

242 

266 

236 

260 

238 

260 

249 

273 

276 

266 

276 

267 

12 

296 

311 

299 

263 

247 

221 

199 

208 

168 

204 

191 

227 

231 

273 

273 

13 

294 

286 

284 

288 

267 

257 

273 

268 

266 

236 

216 

209 

244 

202 

208 

14 

281 

316 

281 

249 

244 

279 

297 

107 

133 

116 

164 

‘ 63 

160 

234 

236 

15 

268 

309 

247 

244 

228 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

16 

— . 

— 

— 





— 



— 

— 

— 

— 

— 

197 

262 

215 

17 

278 

323 

260 

279 

281 

215 

199 

229 

227 

194 

211 

197 

238 

207 

216 

18 

302 

266 

276 

276 

244 

179 

216 

226 

240 

256 

300 

267 

236 

283 

295 

19 

284 

268 

283 

296 

225 

240 

222 

204 

218 

189 

261 

210 

183 

247 

286 

20 

277 

273 

273 

273 

260 

264 

226 

206 

227 

217 

160 

216 

276 

286 

263 

21 

289 

288 

279 

273 

267 

251 

234 

208 

183 

218 

176 

167 

223 

281 

296 

22 

311 

311 

216 

196 

196 

160 

76 

76 

122 

160 

160 

236 

226 

226 

244 

23 

319 

286 

216 

236 

263 

186 

144 

146 

—24 

182 

191 

81 

212 

229 

292 

24 

320 

264 

268 

228 

260 

193 

208 

196 

167 

226 

109 

105 

173 

240 

170 

25 

278 

296 

289 

236 

244 

169 

286 

262 

171 

102 

206 

273 

286 

215 

268 

26 

288 

286 

240 

261 

226 

286 

292 

204 

210 

180 

180 

247 

162 

212 

202 

27 

310 

299 

266 

266 

247 

268 

211 

244 

261 

240 

265 

178 

264 

273 

291 

28 

311 

281 

240 

231 

216 

225 

160 

193 

89 

208 

261 

266 

261 

167 

241 
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Hourly Values. 


E' — ^February, 1911. 




2000y (-02 C.G.S. Unit) + 




Maximum Reading 

Minimum Reading 

16 h. 

10 h. 

17 li. 

18 h. 

10 h. 

20 h. 

21 h. 

32 h. 

23 h. 

24 h. 

and Timo. 


and Time. 


y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

h. 

m. 

y 

h. 

m. 

— 

— 

— 

— 

— 

• — 

— 



— 

— 

— 

— 

- 

— 

— 

- 

— 

— 

— 

— 

— 

— 

— ■ 

— 

— 

— 

— 

-■ 

- 

— 

— 

- 

— 

— 

— 

— 

— 

-- 

— 



— 

— 

— 

— 

- 

— 

— 

- 

— 

— 

— 

— 

— . 

— 

: — 

— 

— 

. — , 

— 

— 


— 

— 

- 

307 

342 

333 

364 

389 

356 

360 

331 

397 

360 

— 


- 

— 

— 

- 

262 

296 

309 

308 

341 

370 

339 

373 

378 

313 

408 

22 

17 

81 

10 

62 

283 

331 

334 

342 

366 

403 

403 

339 

299 

326 

439 

20 

20 

60 

9 

10 

273 

270 

311 

346 

397 

396 

372 

369 

361 

296 

494 

19 

28 

94 

7 

66 

296 

273 

280 

312 

331 

326 

344 

341 

341 

341 

384 

9 

39 

116 

7 

68 

261 

362 

320 

319 

347 

331 

390 

441 

362 

305 

481 

22 

0 

103 

9 

36 

264 

271 

294 

288 

299 

309 

.316 

316 

309 

296 

341 

0 

7 

178 

10 

16 

302 

309 

286 

291 

291 

315 

302 

304 

297 

294 

364 

1 

20 

149 

10 

28 

244 

236 

286 

306 

362 

379 

323 

328 

289 

281 

406 

19 

67 

129 

13 

21 

241 

397 

373 

324 

328 

336 

370 

397 

349 

268 

449 

16 

20 

—32 

6 

52 

— 


— 

— 





.. . 


— 

383 

18 

30 

61 

10 

40 

262 

305 

324 

338 

350 

331 

294 

318 

296 

278 

367 

19 

10 

146 

8 

40 

267 

286 

316 

.336 

331 

344 

376 

341 

331 

302 

397 

20 

30 

62 

9 

8 

292 

306 

307 

322 

323 

347 

335 

311 

297 

284 

377 

0 

10 

no 

12 

22 

281 

325 

352 

34(5 

326 

310 

310 

305 

293 

277 

367 

17 

32 

100 

8 

42 

273 

267 

294 

,311 

311 

308 

324 

310 

293 

289 

366 

20 

46 

129 

9 

8 

362 

378 

347 

337 

369 

304 

397 

.397 

322 

311 

438 

21 

16 

146 

8 

53 

430 

432 

366 

3(53 

384 

438 

296 

315 

313 

319 

698 

14 

68 

— 6 

6 

26 

300 

313 

367 

324 

320 

364 

326 

333 

328 

320 

494 

17 

29 

—92 

7 

68 

227 

322 

344 

397 

430 

421 

417 

367 

289 

278 

483 

20 

10 

—42 

14 

13 

300 

307 

335 

328 

333 

336 

308 

347 

322 

288 

364 

21 

68 

66 

8 

48 

268 

404 

361 

432 

373 

372 

339 

.341 

330 

310 

626 

17 

69 

87 

9 

38 

202 

289 

308 

323 

328 

328 

3.33 

326 

337 

311 

404 

23 

16 

129 

8 

2 

313 

383 

38i) 

300 

335 

291 

3(52 

348 

326 

302 

486 

16 

52 

38 

13 

22 

276 

276 

326 

,314 

349 

414 

E'^ 

3(56 

—Mm 

331 

roll, ] 
364' 

L9H. 

289 

602 

20 

0 

—17 

9 

35 " ' 

(279) 

1279) 

278 

28(i 

32(i 

323 

320 

276 

284 

274 

369 

18 

31 

116 

8 

12 

272 

277 

284 

287 

313 

347 

378 

297 

307 

302 

406 

21 

0 

199 

4 

46 

310 

292 

289 

297 

301 

297 

291 

279 

276 

283 

364 

0 

23 

111 

7 

32 

223 

284 

321 

316 

288 

294 

363 

384 

292 

306 

436 

22 

0 

47 

8 

47 

261 

267 

30() 

372 

328 

289 

319 

297 

332 

294 

418 

18 

7 

96 

2 

40 

260 

262- 

294 

284 

292 

291 

317 

283 

281 

297 

378 

17 

4.6 

121 

6 

60 

233 

260 

262 

287 

292 

302 

300 

.305 

360 

339 

391 

22 

37 

100 

.9 

31 

276 

266 

299 

294 

304 

321 

.303 

274 

278 

277 

386 

0 

0 

179 

9 

20 

228 

249 

271 

378 

283 

286 

284 

288 

278 

272 

307 

21 

37 

160 

9 

46 

249 

264 

271 

274 

276 

287 

286 

281 

272 

276 

292 

12 

16 

206 

9 

2 

294 

283 

268 

310 

323 

307 

297 

281 

274 

276 

348 

19 

23 

192 

9 

0 

264 

266 

266 

281 

289 

310 

302 

301 

294 

286 

317 

19 

46 

216 

8 

10 

233 

210 

278 

314 

361 

373 

303 

276 

268 

268 

394 

19 

37 

130 

11 

10 

221 

281 

268 

276 

284 

284 

276 

268 

272 

281 

367 

16 

10 

96 

9 

17 

276 

265 

270 

291 

334 

323 

300 

301 

284 

273 

363 

19 

0 

84 

8 

36 

266 

263 

276 

287 

291 

316 

301 

296 

273 

284 

332 

20 

24 

102 

9 

0 

294 

308 

299 

302 

287 

284 

284 

278 

281 

278 

318 

16 

2 

201 

7 

28 

260 

269 

276 

286 

288 

288 

283 

281 

277 

281 

297 

19 

6 

208 

10 

43 

307 

332 

405 

399 

390 

362 

383 

402 

371 

294 

463 

22 

32 

231 

13 

17 

323 

281 

386 

433 

331 

297 

358 

362 

299 

343 

525 

17 

38 

37 

7 

13 

286 

344 

360 

316 

367 

331 

330 

333 

292 

318 

429 

16 

32 

20 

6 

23 

284 

326 

362 

370 

398 

374 

330 

362 

296 

266 

467 

19 

13 

—34 

12 

16 

362 

319 

319 

313 

330 

360 

361 

337 

306 

260 

394 

16 

10 

63 

9 

26 

261 

328 

360 

361 

407 

391 

339 

321 

287 

284 

600 

19 

12 

73 

10 

19 

325 

401 

329 

326 

368 

372 

.316 

288 

281 

301 

466 

16 

39 

48 

11 

22 

294 

337 

439 

407 

413 

392 

323 

366 

326 

307 

623 

16 

44 

31 

9 

32 

330 

333 

364 

386 

375 

321 

291 

281 

303 

274 

462 

17 

34 

6 

8 

16 

236 

339 

336 

316 

297 

306 

310 

299 

318 

294 

410 

16 

23 

102 

8 

38 

284 

302 

342 

343 

336 

337 

360 

307 

296 

294 

383 

17 

60 

169 

3 

68 

284 

318 

330 

330 

378 

342 

302 

286 

291 

284 

407 

19 

20 

189 

8 

42 
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Hourly Values — continued. 


E^— April, 1911. 


Day. 

2000y (-02 0.a.S. Unit) + 

















Oh. 

Ih. 

2h. 

3h. 

4h. 

5h, 

6h. 

7h. 

8h. 

Oh. 

10 h. 

11 h. 

12 h. 

13 h. 

14 h. 


V 

V 

2^ 

V 

Y 

/ 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

y 

Y 

1 

283 

277 

278 

276 

270 

243 

206 

192 

230 

245 

273 

266 

276 

276 

286 

2 

282 

287 

268 

267 

288 

251 

227 

203 

261 

216 

211 

199 

247 

273 

299 

3 

290 

283 

272 

267 

243 

254 

268 

266 

261 

261 

231 

218 

238 

209 

228 

4 

301 

277 

271 

274 

267 

247 

242 

216 

227 

225 

235 

234 

241 

219 

267 

5 

306 

299 

261 

276 

286 

248 

236 

228 

230 

199 

261 

262 

262 

274 

276 

6 

276 

276 

273 

273 

269 

271 

271 

271 

272 

269 

262 

266 

263 

271 

276 

7 

276 

285 

280 

273 

272 

273 

264 

263 

242 

221 

267 

276 

288 

290 

273 

•8 

276 

280 

280 

280 

261 

266 

226 

264 

228 

230 

177 

227 

247 

230 

251 

9 

289 

247 

261 

240 

276 

266 

267 

265 

202 

161 

126 

60 

172 

160 

112 

10 

359 

278 

241 

238 

266 

262 

259 

270 

261 

273 

269 

199 

293 

280 

234 

11 

283 

293 

240 

267 

261 

264 

269 

269 

234 

236 

192 

120 

102 

186 

261 

12 

283 

286 

266 

276 

277 

270 

269 

274 

269 

249 

216 

186 

234 

249 

229 

13 

283 

293 

286 

273 

234 

262 

209 

186 

•267 

— 

— 

— 

— 

— 

— 

14 

— 

— 

— 

— 

— 

— 

— 

— 

— 

249 

262 

244 

248 

251 

261 

16 

282 

280 

273 

271 

274 

276 

276 

276 

277 

277 

276 

276 

280 

286 

288 

16 

283 

280 

276 

277 

280 

277 

276 

271 

276 

264 

244 

243 

264 

249 

248 

17 

294 

266 

231 

138 

209 

190 

94 

179 

207 

147 

204 

231 

241 

271 

286 

18 

309 

244 

267 

280 

270 

211 

229 

267 

234 

167 

207 

248 

266 

240 

268 

19 

280 

280 

296 

240 

238 

249 

248 

232 

254 

231 

234 

212 

166 

240 

294 

20 

287 

264 

296 

282 

273 

247 

220 

209 

233 

202 

261 

278 

223 

261 

280 

21 

299 

267 

280 

282 

273 

271 

270 

267 

268 

161 

172 

267 

246 

220 

306 

22 

301 

273 

293 

267 

303 

260 

212 

104 

112 

146 

172 

187 

204 

230 

282 

23 

286 

264 

280 

212 

242 

236 

191 

179 

170 

209 

266 

244 

221 

262 

305 


271 

300 

288 

282 

261 

271 

261 

266 

244 

269 

269 

246 

240 

280 

290 

26 

319 

299 

276 

247 

241 

246 

226 

262 

280 

269 

218 

232 

232 

268 

267 

26 

313 

267 

288 

288 

293 

276 

271 

273 

276 

276 

261 

271 

264 

262 

291 

27 

302 

293 

289 

274 

276 

272 

286 

278 

273 

268 

247 

243 

288 

306 

306 

26 

290 

291 

299 

287 

288 

282 

273 

278 

283 

280 

287 

291 

260 

262 

316 

29 

— 

— 

— 

— 

— 

— 

— 

238 

287 

277 

260 

216 

228 

268 

283 


300 

278 

280 

280 

274 

282 

274 

267 

273 

274 

273 

267 

249 

269 

264 


E'— May, 1911. 


1 

' 288 

317 

266 

230 

226 

162 

176 

264 

188 

66 

186 

203 

234 

278 

288 

2 

278 

274 

28*0 

277 

276 

274 

276 

274 

264 

280 

272 

276 

264 

262 

266 

3 

288 

283 

276 

270 

276 

276 

272 

269 

270 

266 

274 

274 

278 

283 

278 

4 

277 

286 

286 

281 

272 

272 

262 

248 

267 

269 

268 

266 

269 

276 

278 

5 

282 

274 

276 

277 

277 

276 

276 

272 

272 

276 

269 

264 

276 

276 

268 

6 

288 

283 

285 

262 

274 

266 

262 

240 

209 

206 

222 

213 

234 

262 

281 

7 

286 

282 

278 

276 

243 

243 

233 

234 

212 

193 

217 

217 

261 

296 

293 

8 

330 

296 

263 

283 

224 

243 

263 

243 

248 

226 

207 

236 

226 

216 

194 

9 

299 

282 

274 

276 

272 

269 

276 

261 

266 

281 

280 

278 

266 

264 

263 

10 

295 

276 

286 

301 

270 

272 

272 

272 

266 

286 

272 

257 

269 

243 

261 

11 

286 

277 

282 

286 

269 

248 

259 

263 

272 

277 

275 

267 

236 

183 

192 

12 

286 

280 

266 

283 

264 

161 

190 

230 

267 

239 

264 

239 

267 

286 

283 

13 

286 

286 

278 

279 

277 

270 

267 

270 

276 

274 

272 

272 

267 

272 

269 

14 

•286 

282 

283 

288 

286 

281 

280 

277 

278 

275 

262 

282 

279 

276 

282 

16 

288 

285 

288 

286 

283 

262 

261 

269 

261 

263 

260 

123 

123 

194 

308 

16 

276 

276 

267 

246 

264 

272 

263 

180 

168 

237 

196 

177 

264 

266 

299 

17 

299 

248 

263 

267 

267 

244 

188 

196 

263 

269 

230 

220 

268 

264 

272 

18 1 

290 

286 

248 

243 

249 

260 

269 

261 

228 

266 

282 

281 

269 

286 

269 

19 

288 

277 

293 

266 

261 

269 

266 

239 

213 

282 

259 

230 

233 

261 

261 

20 

278 

306 

1 285 

297 

280 

249 

239 

213 

223 

266 

240 

199 

228 

280 

297 

21 

312 

288 

263 

246 

267 

246 

234 

270 

280 

278 

243 

269 

262 

277 

282 

22 

276 

277 

303 

269 

197 

276 

240 

263 

236 

190 

227 

262 

269 

295 

288 

23 

279 

272 

296 

279 

278 

276 

272 

262 

262 

279 

278 

272 

282 

276 

278 

24 

282 

279 

278 

269 

278 

283 

276 

276 

281 

278 

248 

217 

260 

274 

265 

25 

286 

286 

283 

267 

285 

274 

278 

272 

268 

274 

274 

274 

278 

278 

276 

26 

307 

293 

278 

262 

267 

240 

272 

266 

269 

259 

266 

264 

269 

269 

264 

27 

277 

286 

280 

268 

276 

219 

240 

276 

259 

269 

266 

280 

270 

277 

262 

28 

292 

276 

263 

268 

277 

269 

274 

274 

270 

269 

261 

252 

272 

268 

236 

29 

280 

277 

277 

279 

270 

270 

272 

253 

261 

269 

272 

272 

272 

272 

275 

— 

282 

279 

277 

279 

276 

278 

280 

272 

276 

276 

264 

269 

268 

265 

268 


288 

294 

266 

244 

217 

226 

227 

233 

211 

188 

171 

207 

233 

246 

263 


453 




HotTRLY Values — continued. 
E'— April, 1911. 


2000y(-02 0.as. Unit) + 

Maximum Rreacling 

Minimum Beading 

16 h. 

10 h. 

17 h. 

18 h. 

10 h. 

20 h. 

21 h. 

22 h. 

23 b. 

24 h. 

and Time. 

and Time. 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

h. 

m. 

y 

h. 

^m\ 

289 

293 

299 

296 

296 

301 

306 

286 

286 

282 


20 


121 

8 

44 

318 

324 

325 

309 

316 

296 

309 

289 

276 

290 

363 

m™ 


110 

7 

18 

228 

262 

302 

303 

293 

303 

304 

307 

326 

301 

344 

23 

0 

170 

11 

30 

257 

286 

280 

291 

290 

302 

309 

318 

290 

305 

346 

21 

46 

173 

8 

69 

267 

277 

283 

290 

288 

293 

286 

283 

286 

276 

347 

0 

12 

166 

8 

68 

276 

^83 

288 

296 

291 

307 

316 

306 

286 

276 


21 

20 

246 

10 

1 

291 

296 

298 

291 

306 

300 

294 

288 

286 

276 


16 

48 

201 

8 

36 

243 

273 

289 

300 

298 

300 

286 

290 

271 

289 

RTH 

23 

28 

164 

9 

65 

261 

336 

366 

399 

430 

422 

448 

4.54 

409 

369 

Ri 9 

21 

29 

19 

10 

63 

306 

316 

318 

364 

328 

304 

300 

309 

277 

283 

377 

17 

40 

139 

11 

16 

249 

268 

266 

273 

273 

287 

290 

290 

290 

283 


1 

6 

72 

12 

20 

261 

264 

261 

342 

340 

324 

328 

288 

304 

283 

384 

18 

21 

130 

11 

0 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

324 

m 

67 

169 

6 

60 

264 

267 

276 

283 

283 


286 

280 


282 

307 

20 

4 

219 

10 

33 


283 

286 

286 

288 

289 

286 

287 

286 

283 

309 

16 

■3 

261 

14 

48 

302 

336 

366 

370 

383 


304 

293 

287 

294 

413 

18 

47 

191 

9 

22 

240 

296 


386 

472 

424 

373 

338 

283 

309 

619 

18 

36 

63 

6 

7 

278 

326 

335 

296 

296 

336 

372 

368 

331 

280 

429 

20 

46 

104 

9 

12 

364 

369 

Kgi 

393 

348 


318 

331 

311 

287 

mm 

16 

6 


11 

38 

332 

332 

iSl 

367 

402 

367 

343 

303 

303 

299 

473 

16 

ESI 

134 

8 

42 

296 

366 

388 


348 

348 

322 

326 


301 

666 

16 

29 

66 

9 

6 

309 

368 

376 

343 

34:2 

331 

344 

309 

313 

286 

416 

16 

6 

36 

7 

14 

293 

313 

366 

370 

361 

364 

346 

299 

330 

271 


20 

26 

127 

7 

28 

293 

330 

330 

344 

333 


286 

340 

360 

319 

389 

23 

16 

206 

6 

62 

296 

317 

338 

366 

316 



300 

293 

313 


17 

31 

183 

10 

8 

280 

BSSl 

326 

309 

KItfll 


296 

290 

289 

302 

K9 

19 

9 

212 

11 

38 

304 

301 


309 

312 

361 


296 

293 

mi 

382 

19 


217 

11 

6 

306 


294 


299 

312 

397 



— 


416 

21 

14 

161 

12 

66 

296 

209 

299 

320 

366 

369 

313 

309 

313 



19 

37 

177 

10 

40 

283 

283 

294 

300 

328 

426 

336 

311 

316 

296 

627 

20 

7 

211 

11 

37 







E 

— ^May, 1911. 







274 

288 

288 

286 

290 

288 

286 

286 

282 

278 

330 

1 

1 

28 

9 

d 

276 

291 

288 

310 

323 

336 

336 

286 

286 

288 

398 

20 

28 

226 

7 

48 

286 

293 

288 

301 

316 

314 

298 

283 

293 

277 

363 

19 

14 

228 

3 

29 

282 

282 

286 

286 

291 

288 

288 

288 

278 

282 

308 

8 

18 

233 

8 

6 

283 

288 

298 

308 

334 

327 

321 

296 

288 

288 

381 

18 

37 

264 

11 

0 

281 

286 

311 

293 

301 

286 

282 

299 

293 

286 

324 

16 

40 

170 

11 

6 

291 

307 

336 

372 

383 

372 

383 

304 

319 

330 

426 

20 

37 

164 

11 

17 

233 

266 

301 

343 

321 

362 

324 

297 

286 

299 

423 

20 

12 

167 

13 

48 

277 

282 

276 

303 

301 

303 

301 

288 

286 

296 

324 

18 

26 

222 

7 

26 

267 

280 

286 

298 

303 

314 

314 

311 

297 

286 

336 

3 

2 

188 

8 

14 

276 

301 

304 

296 

292 

288 

283 

281 

286 

286 

343 

16 

44 

117 

13 

36 

297 

296 

334 

361 

292 

290 

282 

283 

283 

285 

466 

17 

32 

119 

6 

10 

286 

283 

288 

292 

301 

324 

306 

299 

282 

286 

368 

20 

12 

263 

7 

6 

290 

297 

299 

299 

301 

306 

319 

336 

312 

288 

361 

21 

21 

262 

10 

18 

327 

392 

409 

403 

334 

341 

347 

321 

292 

276 

493 

17 

34 

9 

11 

31 

274 

306 

338 

370 

334 

369 

369 

338 

292 

299 

491 

16 

39 

—n 

17 

25 

286 

299 

330 

372 

372 

330 

347 

334 

301 

290 

422 

18 

37 

166 

6 

68 

319 

291 

314 

326 

332 

348 

327 

306 

280 

288 

377 

20 

28 

177 

1 

35 

272 

314 

340 

327 

327 

383 

327 

281 

307 

278 

412 

19 

43 

196 

9 

60 

321 

288 

301 

296 

304 

308 

366 

312 

312 

312 

890 

20 

40 

140 

11 

24 

285 

288 

286 

291 

293 

317 

327 

297 

330 

276 

413 

21 

60 

41 

22 

22 

281 

317 

317 

341 

310 

299 

296 

288 

283 

279 

361 

18 

16 

143 

3 

62 

286 

286 

288 

296 

312 

286 

282 

280 

282 

282 

364 

18 

61 

238 

8 

20 

269 

279 

282 

294 

296 

296 

291 

288 

291 

286 

310 

18 

48 

192 

11 

22 

277 

276 

279 

276 

293 

282 

286 

292 

288 

307 

312 

18 

36 

263 

3 

5 

286 

286 

278 

286 

278 

279 

280 

283 

288 

277 

328 

1 

38 

180 

7 

29 

217 

261 

282 

286 

301 

347 

332 

319 

299 

292 

387 

20 

4 

166 

16 

19 

267 

263 

290 

369 

312 

307 

299 

288 

286 

280 

408 

17 

46 

204 

14 

12 

279 

282 

288 

303 

293 

286 

276 

280 

276 

280 

874 

18 

28 

228 

7 

24 

277 

286 

290 

280 

282 

283 

286 

283 

283 

288 

314 

23 

27 

263 

9 

66 

291 

306 

321 

337 

369 

328 

306 

304 

314 

312 

407 

18 

37 

139 

9 

28 


153 


2 7 3 














Houely Values — continued. 

E' — June, 1911. 


2000 y ( -02 0 . 0 . 8 . Unit) + 



Oh. 

Ih. 

2h. 

3h. 

4h. 

5h. 

6 h. 

7h. 

8h. 

9h. 

10 h. 

11 h. 

12 h. 

13 h. 


y 

y 

y 

y 

y 

y 

y 

y 

Y 

Y 

Y 

Y 

Y 

Y 

1 

316 

283 

264 

246 

238 

227 

218 

202 

196 

220 

218 

220 

236 

249 

2 

276 

299 

269 

266 

246 

228 

268 

242 

262 

251 

242 

238 

267 

244 

3 

276 

278 

267 

273 

273 

276 

273 

272 

276 

266 

262 

268 

266 

278 

4 

278 

271 

272 

277 

269 

264 

260 

266 

266 

267 

266 

268 

276 

276 

6 

278 

278 

276 

278 

281 

272 

214 

160 

176 

261 

238 

188 

229 

268 

6 

270 

269 

266 

270 

247 

206 

266 

265 

226 

240 

266 

247 

249 

269 

7 

264 

262 

259 

278 

267 

244 

249 

267 

239 

237 

244 

262 

246 

240 

8 

278 

270 

276 

288 

267 

274 

217 

278 

268 

261 

272 

262 

269 

269 

9 

278 

276 

271 

271 

273 

276 

272 

267 

263 

267 

270 

267 

276 

272 

10 

276 

276 

272 

278 

278 

281 

276 

260 

280 

246 

227 

199 

220 

242 

11 

291 

264 

288 

266 

264 

263 

230 

214 

214 

— 

— 

— 

— 

— 

12 

— 

— 

— 

— 

— 


— 

— 

— 

240 

246 

261 

236 

226 

13 

269 

286 

280 

271 

244 

262 

266 

218 

246 

233 

231 

264 

269 

240 

14 

298 

276 

266 

227 

229 

223 

270 

272 

272" 

272 

271 

272 

260 

273 

16 

286 

268 

264 

286 

266 

271 

273 

249 

266 

226 

202 

201 

213 

262 

16 

280 

278 

272 

276 

277 

276 

273 

249 

199 

211 

257 

242 

257 

262 

17 

271 

268 

278 

273 

229 

237 

218 

226 

191 

233 

227 

246 

244 

266 

18 

283 

273 

284 

275 

276 

276 

268 

270 

272 

270 

271 

271 

270 

276 

19 

281 

269 

272 

276 

276 

277 

271 

278 

277 

269 

270 

266 

267 

268 

20 

276 

270 

278 

276 

277 

271 

266 

273 

262 

276 

278 

270 

271 

283 

21 

278 

288 

276 

276 

277 

276 

270 

272 

267 

268 

268 

263 

266 

263 

22 

289 

283 

262 

262 

249 

236 

233 

269 

262 

244 

233 

199 

246 

262 

23 

297 

266 

278 

278 

272 

271 

269 

244 

268 

276 

271 

276 

270 

269 

24 

294 

298 

280 

281 

267 

282 

256 

— 

— 

— 

— 

— 

268 

273 

26 

291 

278 

282 

277 

278 

277 

270 

268 

277 

277 

277 

277 

272 

276 

26 

278 

280 

277 

272 

270 

277 

276 

276 

270 

270 

268 

268 

276 

271 

27 

278 

277 

278 

283 

276 

275 

277 

277 

280 

278 

276 

277 

277 

278 

28 

278 

278 

277 

277 

276 

278 

276 

273 

267 

271 

277 

270 

277 

276 

29 

297 

236 

269 

278 

281 

277 

277 

28] 

262 

281 

273 

262 

246 

266 

30 

278 

267 

272 

276 

276 

280 

276 

278 

277 

273 

277 

277 

273 

277 


Y 

291 

263 
281 
277 
283 

264 
244 

267 
280 
304 

269 
249 

277 
262 

272 

273 

270 
276 

278 

268 
249 

269 
278 

270 
276 
278 
269 
280 
276 


E'— Jdy, 1911. 


1 

293 

293 

278 

289 

290 

289 

"289 

288 

'291 

283 

276 

256 

257 

"261 

260 

2 

316 

309 

291 

276 

236 

247 

288 

283 

261 

268 

262 

277 

264. 

260 

212 

3 

286 

298 

289 

289 

283 

275 

262 

267 

264 

264 

261 

247 

246 

263 

299 

4 

300 

283 

293 

276 

286 

261 

243 

235 

241 

277 

287 

289 

283 

283 

288 

5 

289 

283 

280 

283 

286 

272 

225 

256 

270 

268 

246 

2G4 

283 

269 

269 

6 

293 

288 

293 

283 

283 

268 

262 

251 

2G2 

286 

267 

285 

283 

286 

282 

7 

293 

288 

309 

283 

246 

283 

260 

286 

273 

288 

260 

276 

272 

282 

296 

8 

302 

298 

211 

243 

243 

244 

247 

267 

274 

277 

269 

247 

241 

198 

271 

9 

283 

290 

238 

269 

234 

227 

249 

248 

261 

282 

266 

198 

225 

286 

289 

10 

312 

271 

278 

278 

283 

272 

276 

266 

271 

268 

267 

278 

274 

286 

286 

11 

296 

293 

294 

286 

290 

293 

280 

283 

272 

271 

256 

180 

212 

268 

268 

12 

286 

287 

291 

286 

262 

248 

273 

269 

264 

264 

256 

276 

244 

242 

251 

13 

277 

274 

280 

296 

261 

262 

262 

269 

264 

219 

221 

264 

230 

223 

278 

14 

286 

287 

286 

288 

283 

283 

282 

280 

286 

280 

277 

274 

282 

282 

286 

16 

289 

286 

286 

282 

289 

267 

272 

277 

283 

277 

278 

276 

278 

283 

288 

16 

287 

285 

276 

276 

278 

278 

280 

280 

271 

282 

273 

276 

286 

283 

283 

17 

286 

287 

283 

288 

290 

264 

260 

283 

286 

283 

283 

286 

283 

288 

286 

18 

293 

277 

280 

288 

283 

(269) 

(254) 

(240) 

226 

217 

198 

172 

248 

268 

276 

19 

293 

290 

293 

238 

287 

251 

269 

260 

226 

262 

218 

202 

219 

238 

264 


287 

302 

269 

270 

286 

226 

238 

249 

261 

232 

236 

234 

258 

263 1 

276 

21 

288 

283 

282 

276 

270 

264 

246 

261 

247 

254 

261 

254 

269 

267 

277 

22 

277 

280 

266 

282 

276 

272 

269 

262 

266 

217 

238 

271 

267 

273 

296 

23 

283 

283 

272 

278 

276 

267 

262 

254 

276 

247 

269 

260 

263 

264 

262 

24 

280 

276 

276 

277 

273 

277 

283 

276 

277 

270 

267 

273 

280 

276 

286 

26 

293 

283 

278 

264 

266 

207 

267 

270 

282 

278 

269 

282 

280 

282 

288 

26 

282 

282 

286 

282 

280 

276 

267 

267 

276 

274 

276 

276 

277 

286 

291 

27 

286 

278 

282 

282 

280 

266 

276 

260 

266 

,276 

282 

283 

283 

280 

282 

28 

282 

282 

282 

283 

283 

271 

241 

231 

247 

264 

276 

276 

268 

274 

274 

29 

280 

309 

267 

266 

263 

245 

186 

162 

123 

193 

202 

262 

183 

170 

249 

30 

328 

286 

277 

266 

247 

273 

249 

241 

264 

221 

262 

220 

227 

194 

262 

31 

280 

269 j 

296 

268 

234 

278 

246 

221 

234 

264 

271 

274 

274 

264 

262 


464 




Hourly Values— cowimwecZ. 


E' — ^June, 1911. 


20007 (-02 C.G.S. Unit) + 

Maximum Reading 
and Time. 

Minimum Beading 
and Time. 

15 li. 

10 h. 

17 h. 

18 h. 

10 h. 

20 h. 

21 h. 

22 h. 

23 h. 

24 h. 

7 

7 

7 

V 

7 

Y 

Y 

Y ■ 

7 

Y 

V 

h. 

m. 

y 

h. 

m. 

296 

311 

333 

341 

357 

362 

333 

317 

286 

276 

373 

20 

13 

182 

6 

62 

291 

294 

296 

293 

296 

308 

309 

289 

288 

276 

322 

20 

43 

183 

6 

36 

281 

311 

302 

302 

295 

288 

278 

277 

277 

278 

350 

16 

0 

241 

11 

60 

277 

278 

288 

294: 

289 

288 

283 

283 

277 

278 

299 

18 

0 

251 

8 

40 

282 

285 

291 

296 

344 

386 

309 

298 

281 

270 

436 

20 

6 

109 

8 

17 

270 

278 

278 

280 

284 

288 

336 

328 

302 

264 

367 

21 

13 

176 

6 

30 

264 

288 

284 

293 

296 

297 

296 

284 

273 

278 

336 

2 

62 

199 

6 

62 

278 

283 

324 

298 

288 

288 

277 

277 

277 

278 

349 

16 

63 

199 

6 

1 

277 

283 

281 

282 

289 

283 

283 

276 

277 

276 

294 

19 

20 

231 

10 

62 

304 

361 

404 

320 

390 

369 

310 

302 

284 

291 

629 

16 

10 

164 

11 

1 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

312 

2 

2 

166 

7 

10 

286 

296 

342 

339 

324 

304 

262 

300 

304 

269 

380 

17 

16 

201 

10 

41 

267 

281 

337 

317 

313 

336 

277 

288 

307 

298 

451 

19 

28 

193 

7 

26 

281 

289 

317 

346 

356 

341 

343 

296 

268 

286 

386 

17 

66 

182 

6 

2 

272 

302 

317 

289 

306 

314 

289 

283 

280 

280 

348 

17 

17 

162 

10 

31 

277 

278 

298 

333 

306 

294 

294 

296 

311 

271 

377 

18 

24 

182 

8 

6 

286 

280 

291 

291 

310 

304 

296 

296 

281 

283 

333 

19 

28 

160 

8 

2 

270 

284 

281 

278 

286 

278 

288 

294 

283 

281 

304 

21 

d6 

262 

6 

42 

288 

286 

284 

286 

291 

302 

316 

288 

283 

276 

326 

21 

0 

267 

11 

62 

276 

288 

307 

328 

293 

286 

306 

309 

286 

278 

372 

17 

39 

249 

8 

20 

266 

286 

288 

300 

346 

286 

286 

304 

283 

289 

408 

18 

67 

231 

11 

32 

288 

309 

278 

293 

361 

337 

.309 

302 

291 

297 

390 

19 

0 

140 

11 

10 

• 278 

273 

294 

304 

326 

319 

311 

343 

310 

294 

377 

19 

36 

199 

7 

6 

277 

288 

286 

284 

297 

289 

291 

296 

276 

291 

328 

0 

10 

209 

1 

37 

278 

281 

281 

286 

291 

280 

283 

278 

278 

278 

317 

19 

26 

260 

0 

41 

271 

277 

283 

283 

288 

283 

288 

282 

278 

278 

291 

17 

3 

260 

10 

37 

277 

276 

281 

282 

284 

288 

288 

286 

277 

278 

299 

20 

36 

269 

9 

6 

267 

288 

291 

299 

309 

304 

286 

291 

302 

297 

322 

19 

40 

269 

16 

2 

273 

294 

300 

298 

316 

307 

306 

293 

309 

278 

330 

19 

10 

186 

1 

2 

277 

278 

281 

286 

281 

286 

277 

281 

282 

288 

296 

23 

60 

260 

2 

7 



466 


2s'4 



Hourly Values — continued,. 
— ^August, 1911. 



Oh. 

■w 



1 4h. 


ma 

7h. 

8h. 



11 h. 

12 h. 

13 1l 

14 h. 


7 

m 

\m 

\m 

■1 

m 

m 

7 

y 

y 

7 

y 

7 

y 

7 

1 

292 

279 

289 

281 

286 

272 

273 

274 

279 

287 

260 

274 

274 

286 

295 

2 

289 

290 

301 

286 

270 

292 

286 

276 

273 

276 

279 

281 

283 

292 

289 

3 

290 

292 

290 

294 

292 

277 

273 

286 

289 

263 

294 

288 

292 

283 

302 

4 

279 

310 

288 

270 

286 

277 

282 

272 

247 

260 

263 

268 

276 

264 

261 

6 

285 

296 

292 

294 

281 

263 

271 

288 

268 

276 

267 

237 

300 

279 

268 

6 

299 

302 

284 

276 

279 

270 

252 

266 

279 

282 

263 

192 

246 

270 

288 

7 

289 

301 

284 

288 

283 

284 

281 

289 

283 

283 

274 

261 

283 

297 

298 

8 

288 

287 

294 

296 

286 

283 

286 

290 

289 

289 

287 

288 

295 

294 

296 

9 

292 

296 

300 

296 

288 

289 

286 

283 

282 

277 

286 

285 

289 

289 

286 


299 

294 

290 

290 

294 

288 

289 

281 

286 

283 

288 

289 

286 

292 

301 

11 

292 

287 

290 

289 

288 

288 

287 

286 

286 

286 

287 

287 

287 

286 

296 

12 

292 

290 

292 

296 

292 

292 

289 

286 

279 

260 

274 

281 

289 

297 

294 

13 

292 

289 

287 

287 

295 

292 

292 

292 

294 

284 

292 

292 

296 

296 

298 

14 

290 

289 

288 

287 

288 

281 

279 

289 

289 

292 

289 

281 

282 

(280) 

277 

16 

314 

286 

287 

284 

288 

292 

279 

277 

289 

276 

279 

274 

272 

286 

297 

16 

299 

287 

289 

288 

272 

263 

273 

283 

287 

281 

286 

288 

294 

287 

316 

17 

276 

271 

270 

279 

289 

279 

284 

241 

274 

288 

286 

268 

266 

269 

270 

18 

292 

279 

279 

279 

289 

286 

294 

287 

283 

282 

273 

273 

271 

261 

264 

19 

298 

279 

289 

284 

287 

294 

283 

281 

277 

281 

287 

287 

297 

294 

296 

20 

308 

308 

292 

303 

269 

242 

269 

289 

267 

260 

177 

192 

246 

292 

306 

21 

290 

292 

289 

271 

266 

276 

279 

286 

286 

288 

287 

284 

299 

287 

289 

22 

295 

288 

292 

290 

290 

292 

289 

288 

287 

285 

290 

286 

289 

292 

295 

23 

292 

290 

294 

295 

292 

292 

287 

288 

289 

290 

292 

292 

297 

287 

294 

24 

306 

311 

316 

111 

246 

240 

244 

177 

212 

210 

233 

113 

176 

230 

260 

26 

306 

298 

289 

283 

244 

248 

199 

204 

186 

197 

233 

270 

272 

263 

267 

26 

316 

302 

266 

302 

276 

236 

244 

261 

268 

266 

233 

233 

218 

264 

253 

27 

294 

300 

281 

252 

283 

268 

192 

231 

279 

246 

227 

211 

260 

246 

236 

28 

301 

313 

296 

269 

267 

268 

217 

216 

283 

262 

244 

206 

234 

250 

271 

29 

286 

296 

287 

272 

229 

270 

263 

266 

224 

241 

277 

269 

294 

295 

279 

30 

283 

288 

294 

279 

260 

281 

284 

292 

287 

284 

279 

272 

277 

268 

284 

31 

289 

302 

292 

281 

284 

268 

241 

239 

270 

279 

281 

260 

_288_ 

294 

300 

E' — September, 

1911. 






1 







Mm 




~^9" 

272 

T82' 

284 

'290 i 

2 

298 

289 

E 




280 

269 

279 

282 

271 

— 

— 

— 

m!^M 

3 

293 

282 


297 

289 

287 


286 

28G 


mm 

mm 

289 

288 


4 

297 



296 

296 

293 

290 

290 

290 


EtSlil 

291 

297 

298 


6 

298 

296 

E^ 


284 

288 

282 

BggMI 

287 

284 

288 

290 

288 

291 

297 

G 

292 

BiSlI 



286 

288 

286 


266 

266 

262 

273 

277 

297 


7 

290 

298 

298 

296 

284 

269 

280 

284 

284 

286 

287 

287 

291 

301 


8 

292 

mM\ 


290 

292 

286 

284 

282 

287 

296 

277 

288 

282 

285 

288 

9 

289 

292 


fe 

- slifl 



279 

282 

271 

277 

273 

273 

282 

282 

286 

10 

293 

293 


z SjL^I 


272 

266 

277 

271 

282 



276 



11 

300 

286 


% 


272 

276 

269 

287 

266 

263 

256 

282 

284 

298 

12 

311 

269 




EhvII 

mi 

Sal 

^1 


mi ■ 

236 

262 

266 


13 

306 

286 




266 

263 

242 

mm 


f 

267 

271 



14 

324 

1^1 


279 

286 

292 


276 

273 


E: M 

278 

264 

269 

286 

16 

298 

292 

293 


mm 



290 

264 

267 

Ho • 2^1 

273 

282 

296 

291 

16 

311 


mm 


288 

301 

EfiSI 

288 

288 

288 

266 

269 

273 

300 

314 

17 

18 

306 

248 

286 

280 



218 

263 

290 

276 

275 

269 

271 

273 

264 

19 

— 

— 

— 






__ 

_ ^ 


z 

^ ^ - 

— 

, 

280 

304 

20 

306 

301 

rnsm 

Ecill 

290 

276 

266 

^sl 


186 

196 

222 

224 

249 


21 

297 

290 

292 

246 

263 

261 

217 

240 

234 

230 

243 

203 

245 

269 

308 

22 ' 

280 

319 

304 

193 

224 

^1 


233 

196 

271 


146 

216 

230 

263 

23 

290 

296 

■ialiw 

297 

279 

240 

243 

226 

269 

249 

262 

174 

198 

204 

231 

24 

295 

313 

282 


277 

287 

277 

238 

216 

232 


263 

261 

266 

289 

25 

297 

298 

297 

313 

309 

298 

mi 

290 

277 

249 

269 

276 

297 

282 

292 

26 

308 

287 

288 

298 

298 


280 

279 

273 

263 

266 

266 

282 

291 

291 

27 

292 

298 

293 

Mm 

297 


273 

261 

249 

263 

226 

232 

246 

232 


1 28 

297 


mm 

287 

297 

286 

286 

287 

mm 

308 


284 

278 

291 


29 

293 

292 

288 

292 

291 

289 

291 

298 

296 

306 

271 

290 

306 


Bfj^H 

30 

297 


296 

296 

286 

288 

291 

289 

284 

— 

, 

— 

— 

BjM 



466 























Hourly Values — continued. 


E' — ^August, 1911. 




2000y (-02 0.0.8. Unit) + 




Maximum Reading 

Minimum Reading 

16 h. 

10 h. 

17 h. 

00 
1— 1 

19 h. 

20 h. 

21 h. 

22 h. 

23 h. 

24 h. 

ana iimo. 


ana lune. 


y 

y 

y 

y 

y 

Y 

Y 

y 

Y 

y 

Y 

h. 

m. 

Y 

h. 

m. 

298 

296 

306 


316 

311 

302 

301 

289 

289 

332 

18 

60 

226 

7 

33 

292 

306 

299 


311 

302 

303 

300 

300 

290 

339 

18 

2 

261 

8 

11 

316 

317 

334 

342 

337 

334 

369 

317 

305 

279 

384 

21 

9 

223 

8 

4:5 

287 

321 

367 

364 

346 

337 

334 

341 

296 

286 

389 

16 

35 

221 

13 

20 

274 

289 

313 

mm 

311 

316 

303 

301 

292 

299 

332 

17 

20 

190 

11 

18 

327 

306 

279 

317 

328 

323 

310 

289 

299 

289 

367 

18 

34 

127 

10 

60 

305 

297 

306 

337 

321 

325 

306 

300 

294 

288 

366 

17 

49 

232 

11 

6 

294 

298 

306 

mim 

310 


306 

297 

297 

292 

326 

18 

66 

273 

6 

47 

296 

300 

298 

ill 

306 

iSS| 

298 

296 

299 

299 

315 

16 

32 

248 

9 

64 

298 

306 

312 

311 

306 

327 

326 

317 

301 

292 

346 

20 

20 

270 

6 

46 

298 

300 

297 

mi 

300 

297 

297 

Etlil 

302 

292 

326 

16 

22 

268 

9 

66 

298 

300 

303 

302 

306 

318 

311 

299 

294 

292 

334 

19 

60 

262 

9 

0 

311 

303 

306 


330 

360 

384 

300 

301 

290 

424 

20 

18 

273 

8 

12 

289 

301 

299 

316 

324 

342 

314 

306 

306 

314 

366 

19 

66 

268 

6 

68 

294 

299 

308 

311 

324 

311 

305 

296 

294 

299 

360 

19 

8 

268 

11 

30 

319 

360 

373 


421 

403 

360 

317 

290 

276 

442 

18 

33 

244 

6 

17 

266 

297 

305 


298 



306 

292 

392 

332 

21 

30 

210 

6 

66 

289 

300 

308 

308 

302 

305 

301 


300 

298 

313 

17 

18 

237 ■ 

13 

19 

298 

299 

300 



311 

314 


302 

308 

321 

20 

8 

269 

7 

60 

332 

313 

323 

339 

362 

344 

317 

308 

292 

290 

373 

19 

12 

137 

9 

66 

294 

308 

306 

316 

321 

311 

302 

297 

298 

296 

332 

18 

32 

266 

3 

23 

298 

306 

300 



314 

318 

mi 

298 

292 

327 

20 

48 

274 

9 

66 

311 

301 

318 


317 

329 


399 

398 

306 

462 

21 

64 

271 

13 

36 

300 

382 

332 

396 

346 

337 

384 

360 

345 

306 

481 

16 

42 

-42 

2 

68 

260 

308 

303 

341 

390 

368 

332 

317 

319 

316 

438 

19 

7 

147 

6 

10 

260 

298 

300 

mi 

341 

328 

367 

343 

312 

294 

400 

22 

32 

177 

10 

26 

272 

308 

321 

366 

343 

312 

319 

321 

302 

301 

374 

18 

42 

134 

10 

69 

296 

337 

306 


392 

328 

299 

300 

298 

286 

446 

19 

2 

161 

6 

37 

296 

299 

303 

300 

313 

319 

299 

299 

298 

283 

341 

19 

41 

193 

4 

23 

282 

306 

316 

316 

334 

308 

308 

318 

306 

289 

363 

18 

66 

237 

3 

32 

297 

325 

334 


368 

379 

408 

332 

306 

290 

474 

20 

28 

208 

6 

37 



467 














OL. 111. 


y y 

310 296 

299 298 

289 291 

299 306 

304 299 

294 289 

304 298 

292 309 

317 283 

303 286 

319 280 

277 276 

294 292 

304 283 

293 292 
286 288 

309 283 

314 309 

304 269 

303 307 

302 303 

290 296 

304 309 
298 291 

310 293 

293 294 
309 294 
312 299 

316 299 
306 299 

306 296 


Hourly Values — contmited. 
E' — October, 1911, 


2000y (-02 O.G.S. Unit) + 

2 h. I 3 li. I 4 li. I 5 h. I fl h. I 7 h. [ 8 h. I 0 li. 1 10 b. I 11 h. I 12 h. I 13 h. 









III 


I ' I 


III 








a 


209 237 

266 272 

293 266 

206 239 

259 247 

248 267 

240 266 
276 304 

236 286 
167 199 

269 285 

227 237 

201 138 

141 232 

174 176 

199 201 

182 190 

221 254 

301 298 

278 373 

340 216 
319 304 

289 311 

263 296 

266 279 

236 212 

224 221 

291 269 

298 236 
188 217 


263 301 

277 277 

281 307 

219 316 

232 292 

241 289 

237 269 

303 304 

319 373 

227 286 

290 298 

280 274 

203 226 

227 239 

194 269 

217 246 

206 226 
274 300 

308 329 

287 309 

201 330 

318 322 

304 311 

311 312 

308 318 

207 246 
236 298 

288 291 

288 305 
241 266 















Hourly Values — continued. 


E' — October, 191,1. 




¥6oo/( '02 dG.s' Unit) + 




Maximum Reading 
and Time. 

Minimum Reading 
and Time. 

16 h. 

11) h. 

17 li. 

18 h. 

19 h. 

20 h. 

21 h. 

22 li. 

23 h. 

2^ h. 

y 

y 

Y 

y 

y 

y 

Y 

y 

y 

y 

y 

h. 

m. 

y 

li. 

in. 

320 

325 

330 

326 

312 

304 

304 

303 

304 

299 

340 

17 

1 

272 

12 

18 

319 

329 

328 

367 

346 

34.3 

341 

343 

328 

289 

401 

18 

24 

262 

10 

61 

312 

322 

319 

312 

317 

326 

310 

306 

299 

299 

3.34 

20 

17 

227 

3 

37 

310 

302 

316 

317 

317 

321 

310 

304 

302 

304 

333 

20 

0 

214 

8 

68 

322 

326 

326 

317 

314 

314 

315 

315 

318 

294 

336 

14 

30 

214 

8 

43 

329 

328 

338 

364 

334 

319 

316 

312 

302 

304 

383 

18 

16 

243 

12 

10 

296 

296 

349 

370 

378 

.361 

328 

304 

302 

292 

396 

19 

27 

243 

11 

.38 

298 

341 

369 

369 

349 

366 

326 

361 

319 

317 

387 

21 

48 

210 

13 

12 

266 

302 

378 

388 

338 

320 

348 

361 

361 

303 

411 

17 

27 

203 

11 

22 

306 

310 

.341 

332 

346 

334 

332 

333 

310 

319 

369 

16 

67 

214 

3 

21 

287 

316 

420 

428 

426 

405 

372 

364 

286 

277 

604 

17 

20 

37 

7 

35 

299 

307 

310 

320 

314 

306 

309 

306 

301 

294 

369 

12 

2 

104 

10 

16 

299 

316 

.346 

340 

326 

317 

304 

301 

309 

304 

366 

17 

12 

194 

11 

18 

325 

334 

336 

321 

.322 

341 

321 

306 

296 

293 

362 

20 

28 

201 

8 

17 

288 

331 

348 

389 

360 

345 

3.33 

310 

293 

285 

464 

18 

8 

216 

12 

64 

309 

296 

3.35 

317 

.321 

326 

309 

317 

302 

309 1 

347 

17 

5 

268 

9 

26 

294 

309 

36 L 

370 

360 

358 

367 

386 

343 

314 

449 

22 

11 

117 

9 

69 

289 

315 

328 

.346 

413 

373 

393 

.383 

.322 

304 

462 

19 

10 

149 

6 

42 

315 

321 

330 

366 

.371 

380 

368 

318 

332 

303 

407 

20 

24 

73 

6 

26 

314. 

316 

.314 

331 

341 

390 

340 

326 

329 

302 

466 

19 

69 

169 

6 

69 

285 

310 

.316 

331 

332 

358 

366 

322 

317 

290 

379 

20 

23 

199 

13 

32 

307 

310 

.323 

347 

352 

340 

318 

296 

296 

304 

378 

18 

17 

177 

10 

62 

304 

298 

319 

347 

343 

326 

341 

317 

320 

298 

364 

18 

26 

168 

10 

2 

316 

322 

.330 

341 

388 

362 

360 

362 

292 

.310 

409 

19 

2 

176 

6 

36 

354 

351 

362 

.361 

346 

341 

312 

291 

296 

293 

380 

14 

45 

201 

10 

21 

312 

319 

330 

327 

317 

310 

310 

309 

310 

309 

369 

6 

33 

166 

6 

42 

329 

330 

338 

341 

344 

33.3 

329 

309 

320 

.312 

367 

18 

48 

261 

11 

12 

322 

351 

364 

336 

318 

328 

317 

302 

.312 

316 

369 

16 

68 

168 

7 

54 

309 

328 

333 

330 

331 

.331 

317 

317 

302 

306 

346 

16 

67 

226 

10 

48 

317 

330 

317 

.312 

321 

.320 

317 

307 

302 

305 

354 

5 

19 

220 

7 

40 

321 

322 

338 

327 

330 

327 

323 

309 

306 

307 

349 

16 

33 

241 

9 

67 


E' — ^November, 1911. 


312 

324 

336 

334 

337 

331 

338 

332 

306 

295 

366 

20 

26 

161 

10 

0 

291 

301 

333 

336 

351 

366 

.364 

347 

324 

321 

369 

21 

41 

230 

6 

45 

336 

429 

333 

3U 

324 

321 

322 

321 

343 

289 

491 

16 

9 

136 

8 

63 

306 

387 

342 

356 

367 

376 

330 

330 

308 

301 

414 

16 

40 

64 

8 

10 

285 

298 

363 

378 

374 

382 

360 

346 

323 

301 

395 

19 

64 

]67 

8 

22 

■ 295 

294 

338 

363 

362 

338 

330 

296 

301 

288 

377 

17 

62 

170 

8 

66 

269 

282 

312 

333 

330 

.361 

332 

314 

309 

312 

373 

19 

29 

180 

9 

28 

301 

307 

319 

332 

336 

326 

316 

309 

303 

300 

340 

18 

30 

227 

7 

38 

362 

364 

384 

346 

348 

340 

334 

312 

331 

278 

416 

16 

64 

108 

10 

47 

332 

358 

365 

378 

364 

376 

369 

364 

301 

283 

406 

19 

64 

9 

10 

30 

326 

338 

338 

356 

361 

337 

319 

314 

293 

311 

377 

18 

49 

145 

7 

38 

269 

301 

298 

326 

330 

327 

321 

306 

309 

287 

368 

4 

46 

161 

7 

88 

309 

334 

348 

389 

414 

360 

338 

360 

362 

340 

606 

23 

26 

64 

9 

44 

261 

288 

346 

349 

340 

363 

343 

347 

360 

379 

413 

22 

66 

60 

10 

3 

330 

306 

324 

432 

391 

332 

327 

337 

321 

290 

480 

17 

48 

67 

9 

10 

266 

281 

311 

347 

343 

323 

340 

342 

318 

303 

364 

19 

0 

103 

7 

33 

276 

304 

314 

321 

324 

314 

346 

372 

327 

308 

407 

21 

61 

109 

9 

3 

312 

312 

323 

330 

322 

319 

312 

300 

293 

298 

340 

17 

40 

179 

9 

36 

343 

348 

336 

340 

336 

326 

311 

289 

286 

290 

361 

18 

37 

227 

8 

69 

366 

363 

382 

406 

393 

361 

306 

330 

321 

286 

460 

18 

12 

31 

9 

17 

363 

366 

380 

385 

346 

334 

361 

416 

347 

286 

438 

22 

7 

166 

12 

12 

343 

366 

340 

360 

347 

327 

330 

290 

298 

307 

379 

16 

7 

191 

7 

64 

308 

311 

324 

327 

336 

332 

330 

319 

321 

319 

368 

6 

22 

229 

6 

40 

314 

333 

368 

347 

340 

337 

317 

300 

291 

300 

371 

16 

42 

212 

11 

7 

317 

320 

347 

336 

330 

330 

314 

319 

308 

308 

369 

16 

65 

203 

8 

31 

264 

291 

319 

332 

336 

336 

322 

321 

293 

289 

369 

3 

0 

64 

10 

1 

300 

296 

290 

318 

324 

322 

317 

.311 

293 i 

291 

334 

19 

67 

148 

10 

43 

320 

330 

368 

330 

314 

311 

306 

306 

306 

306 

380 

16 

48 

164 

6 

23 

338 

347 

343 

340 

336 

320 

314 

314 

311 

303 

360 

16 

47 

206 

10 

48 

301 

303 

296 

296 

278 

306 

298 

296 

286 

279 

349 

0 

50 

145 

8 

62 


469 



SouBLY Valtjbs — corUmueA 


E' — ^December, 1911. 

2000y (-02 C.Q.S. Unit) + 



Oh. 

1 h. 

2h. 

Sh. 

4h. 

5h. 

eh. 

7 h. 

81l 

Gh. 

10 )i. 

11 h. 

12 h. 

U h. 

14 li. 


y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

1 

288 

281 

309 

284 

291 

244 

220 

192 

210 

166 

241 

236 

267 

239 

280 

2 

307 

363 

278 

260 

320 

220 

207 

162 

197 

217 

197 

226 

246 

262 

262 

3 

303 

292 

283 

281 

278 

268 

298 

268 

184 

188 

165 

207 

346 

305 

327 

4 

303 

310 

289 

260 

212 

194 

179 

186 

270 

248 

214 

186 

243 

269 

271 

6 

289 

286 

281 

286 

283 

273 

262 

239 

220 

236 

210 

229 

273 

303 

317 

6 

297 

287 

286 

299 

268 

266 

239 

266 

208 

236 

227 

266 

261 

276 

278 

7 

378 

345 

349 

296 

29J 

236 

128 

168 

391 

330 

320 

267 

321 

332 

317 

8 

330 

320 

304 

296 

298 

286 

332 

341 

323 

272 

315 

312 

327 

2!)9 

302 

9 

304 

317 

310 

313 

309 

278 

286 

289 

260 

272 

288 

269 

283 

294 

311 

10 

320 

301 

307 

313 

306 

310 

296 

318 

309 

281 

289 

294 

310 

316 

287 

11 

307 

302 

313 

327 

321 

332 

373 

362 

376 

334 

d06 

382 

97 

36 

184 

12 

309 

298 

316 

229 

231 

212 

166 

139 

166 

93 

177 

206 

173 

218 

266 

13 

307 

289 

296 

283 

286 

278 

267 

239 

236 

239 

281 

239 

239 

229 

239 

14 

283 

279 

278 

287 

310 

288 

304 

286 

294 

291 

300 

289 

263 

294 

243 

16 

313 

267 

214 

236 

173 

113 

119 

139 

136 

162 

199 

210 

223 

236 

205 

16 ■ 

312 

294 

318 

320 

300 

287 

1 266 

236 

266 

232 

228 

229 

1 2J7 

260 

240 

17 

321 

316 

289 

289 

320 

316 

336 

274 

321 

296 

288 

291 

287 

271 

29B 

18 

369 

320 

292 

346 

307 

367 

272 

210 

287 

298 

349 

339 

260 

268 

333 

19 

336 

300 

316 

304 

298 

341 

339 

120 

266 

201 

221 

272 

283 

273 

244 

20 

307 

849 

270 

290 

286 

336 

380 

389 

371 

310 

367 

398 

398 

366 

320 

21 

312 

313 

310 

312 

334 

340 

347 

372 

384 

394 

349 

321 

320 

279 

231 

22 

320 

301 

304 

306 

329 

328 

323 

346 

352 

288 

261 

269 

273 

307 

334 

23 

326 

323 

307 

296 

317 

302 

328 

307 

298 

284 

349 

330 

332 

334 

227 

24 

296 

289 

290 

299 

302 

326 

370 

362 

367 

380 

334 

279 

294 

302 

345 

25 

301 

306 

321 

320 

289 

289 

226 

271 

262 

268 

201 

228 

245 

270 

207 

26 

294 

291 

323 

270 

268 

242 

244 

269 

246 

161 

166 

218 

205 

262 

290 

27 

267 

262 

304 

307 

223 

197 

188 

168 

97 

141 

227 

171 

J79 

227 

3011 

28 

314 

346 

278 

272 

239 

243 

192 

184 

239 

220 

184 

188 

239 

179 

2in 

29 

292 

291 

330 

306 

291 

239 

216 

186 

208 

269 

226 

247 

248 

276 

278 


286 

287 

281 

271 

268 

262 

263 

267 

268 

218 

265 

248 

257 

270 

278 

01 ( 

330 

326 

299 

267 

292 

303 

286 

281 

313 

309 

323 

271 

271 

268 

232 








E'- 

JaELUary, 

1912. 

1 

276 

263 

288 

281 

216' 

204 

164 

176 

334 

2 

320 

306 

309 

239 

332 

232 

290 

283 

339 

3 

314 

303 

304 

301 

318 

349 

345 

348 

368 

4 

303 

297 

292 

SOI 

299 

308 

307 

297 

296 

6 

318 

316 

306 

309 

312 

303 

307 

294 

236 

6 

303 

297 

279 

333 

279 

303 

302 

296 

372 

7 

294 

309 

326 

320 

312 

308 

319 

320 

341 

8 

320 

307 

318 

303 

288 

286 

272 

246 

243 

9 

319 

288 

279 

266 

266 

270 

267 

249 

299 

10 

312 

280 

260 

266 

290 

267 

209 

236 

216 

n 

310 

293 

279 

263 

234 

196 

206 

202 

297 

12 

299 

292 

262 

262 

248 

247 

247 

212 

180 

13 

366 

336 

323 

283 

290 

236 

239 

299 

292 

14 

360 

303 

262 

288 

264 

228 

264 

367 

389 

16 

325 

339 

299 

276 

266 

273 

321 

331 

374 

16 

320 

328 

315 

309 

317 

314 

333 

316 

334 

17 

366 

328 

328 

316 

325 

328 

330 

341 

320 

18 

394 

1 338 

321 

294 

244 

263 

272 

328 

263 

19 

326 

306 

280 

277 

306 

281 

278 

296 

302 

20 

283 

296 

288 

304 

312 

296 

288 

309 

289 

21 

281 

284 

291 

294 

284 

288 

283 

294 

262 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

290 
328 
301 

338 

296 

297 
297 
326 

291 

339 

296 

341 

270 

320 

284 

289 

292 

320 

283 

309 

268 

308 

270 

286 

301 

280 

283 

314 

299 

307 

295 

277 

283 

238 

279 

288 

283 

290 

290 

294 

281 

277 

374 

243 

272 

299 

281 

269 

266 

288 

276 

261 

266 

262 

244 

244 

276 
268 

277 

278 

283 

221 

264 

283 

216 

221 

274 

289 

280 

273 

276 

267 

199 

323 

234 

207 

270 

337 

278 

264 

274 

161 

178 

318 

260 

207 

261 

341 

270 

270 


367 

312 

333 

299 

288 

296 

326 

312 

238 

141 

386 

283 

286 

283 

207 

194 

262 

246 

220 

189 

176 

178 

160 

171 

346 

186 

268 

260 

387 

286 

363 

364 

339 

224 

238 

168 

267 

262 

176 

194 

224 

236 

266 

263 

124 

133 

186 

204 

302 

280 

225 

212 

199 

193 

304 

293 

367 

262 

277 

267 

273 

241 


312 
280 
2d 8 
301) 
IOC 
272 
297 
202 
2d:l 
206 
202 
178 
19C 
241 
296 
323 
293 
316 
249 
228 
267 
247 
202 
199 
279 
222 
230 
261 
386 
243 
239 


3'28 

300 

213 

309 

170 
261 
306 
249 
200 

233 
207 

171 

263 
201 
338 
312 
293 

237 
288 
270 
247 

238 
260 
217 
246 
223 
266 
281 
346 

264 

234 


274 
206 
241 
328 
270 
2d 8 
319 
267 
270 
207 
232 

219 
337 
211 
328 
301 
267 
178 
299 
297 
265 
217 
281 
213 

220 
237 
299 
286 
367 
296 
267 


310 

2H9 

206 

320 

27» 

210 

330 

2d7 

270 

317 
247 
221 
307 
290 
310 
314 
279 
290 
314 
309 
208 
244 
262 
219 
241 
208 
297 
267 

318 
286 
303 


460 






Hourly Values — continue. 
E' — ^December, 1911. 

20007 ( ■ 02 C.G.S. Unit) + Maxii 

17 h. I 18 li. I 19 h. I 20 h. I 21 li. I 22 h. I 23 h. I 24 h. ^ 


Maximum Reading 
and Time. 


Minimum Beading 
and Time. 

























►^oSoo^^osoT^cobOi— ‘OcDOD^cscirfi^coiii) I— cooo-^oaoiifh.coijoi— ‘0^oo<iasCT>p»-cob3f— ‘O^oo*<jaioirfk.cj0bi>h-i 


Houely Values — continued. 


E' — ^February, 1912. 
2000y (-02 C.as. Umt) + 


Oh. 

1 h. 

2Ii. 

3h. 

4h. 

6 b. 


7 1i. 

8h. i 


10 h. 

11 h. 

12 h. 

13 h. 

14 h. 

X 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

321 

308 

296 

300 

321 

305 

235 

236 

253 

228 

290 

237 

266 

301 

240 

299 

316 

277 

276 

296 

312 

299 

292 

277 

261 

239 

282 

290 

306 

303 

309 

310 

297 

307 

287 

283 

269 

287 

277 

268 

190 

298 

311 

343 

349 

323 

290 

310 

293 

286 

278 

335 

306 

282 

263 

290 

295 

312 

324 

327 

322 

311 

300 

287 

290 

279 

290 

290 

322 

346 

362 

311 

306 

309 

329 

303 

287 

293 

287 

277 

281 

298 1 

303 

281 

266 

240 

236 

248 

270 

316 

281 

284 

290 

283 

287 

287 

293 

281 

293 

276 

277 

294 

283 

306 

301 

327 

288 

282 

326 

292 

292 

267 

309 

305 

261 

203 

254 

290 

297 

322 

314 

297 

282 

274 

290 

266 

288 

272 

242 

266 

274 

269 

272 

266 

290 

300 

296 

284 

299 

287 

292 

300 

298 

296 

313 

292 

270 

234 

309 

303 

332 

321 

321 

300 

232 

269 

286 

339 

361 

374 

279 

186 

179 

262 

329 

316 

311 

280 

267 

287 

281 

262 

210 

226 

269 

221 

190 

247 

266 

239 

306 

306 

294 

322 

262 

238 

262 

216 

216 

316 

299 

251 

330 

361 

312 

319 

306 

270 

279 

284 

240 

217 

282 

246 

223 

247 

221 

293 

301 

325 

319 

297 

308 

292 

277 

299 

298 

297 

293 

277 

290 

296 

288 

266 

296 

324 

300 

294 

281 

299 

307 

316 

274 

288 

283 

280 

274 

274 

303 

282 

305 

300 

308 

294 

.293 

266 

267 

264 

234 

168 

188 

167 

226 

219 

248 

323 

296 

264 

264 

274 

267 

237 

171 

227 

277 

263 

190 

195 

201 

206 

298 

296 

287 

276 

272 

274 

269 

261 

237 

271 

238 

269 

242 

268 

284 

299 

297 

296 

287 

274 

271 ’ 

269 

248 

258 

292 

277 

287 

279 

277 

268 

301 

292 

296 

292 

287 

278 

286 

296 

303 

324 

299 

308 

307 

309 

316 

306 

299 

303 

298 

288 

287 

285 

266 

264 

263 

221 

239 

248 

276 

290 

303 

303 

303 

296 

300 

297 

277 

270 

250 

261 

264- 

269 

296 

316 

309 

326 

312 

296 

272 

248 

267 

293 

284 

271 

280 

310 

327 

318 

271 

316 

311 

294 

307 

300 

287 

292 

277 

269 

246 







— 

214 

261 

324 

318 

301 


— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 


— — 





— 

. 


I 

— 

272 

293 

303 

324 

313 

326 






E'- 

■March, 1912. 







‘sOr 

"299 

294' 

297 

‘294 

296' 

279 

1 291 

289 

296 

286 

287 

284 

273 

‘280 

302 

322 

300 

299 

291 

282 

280 

308 

286 

280 

273 

271 

286 

287 

297 

311 

309 

298 

292 

294 

284 

286 

279 

279 

276 

262 

291 

302 

306 

I 328 

306 

306 

308 

302 

304 

299 

286 

236 

220 

218 

312 

329 

291 

260 

273 

304 

300 

299 

297 

297 

297 

297 

305 

306 

310 

281 

264 

282 

292 

302 

322 

317 

299 

270 

267 

280 

266 

271 

284 

260 

263 

249 

247 

260 

334 

306 

316 

302 

281 

284 

271 

270 

291 

286 

268 

226 

238 

233 

296 

333 

318 

296 

297 

267 

287 

276 

273 

263 

282 

286 

296 

276 

268 

266 

291 

309 

312 

266 

302 

265 

218 

205 

221 

239 

209 

244 

237 

297 

263 

317 

317 

310 

378 

284 

277 

292 

263 

266 

222 

266 

266 

246 

262 

296 

310 

318 

297 

287 

284 

266 

236 

234 

231 

198 

234 

218 

227 

277 

291 

296 

304 

308 

305 

302 

298 

296 

289 

307 

321 

312 

310 

336 

344 

331 

344 

318 

318 

302 

273 

273 

267 

286 

302 

297 

296 

296 

324 

339 

300 

311 

318 

306 

296 

296 

304 

300 

309 

312 

304 

299 

304 

306 

305 

312 

324 

311 

322 1 

289 1 

297 

297 

307 

289 

264 

293 

267 

260 

266 

266 

265 

271 

306 

297 

298 

306 

302 

296 

292 

293 

308 

291 

273 

208 

223 

252 

276 

321 

296 

282 

297 

300 

294 

294 

287 

293 

287 

297 

283 

273 

283 

318 

307 

306 

306 

304 

302 

302 

291 

284 

286 

286 

281 

273 

280 

291 

299 

310 

302 

300 

298 

299 

300 

297 

296 

278 

276 

268 

278 

278 

283 

294 

308 

307 

302 

296 

296 

296 

298 

298 

295 

283 

276 

282 

289 

306 

304 

310 

306 

302 

298 

294 

289 

291 

293 

293 

284 

287 

286 

283 

289 

316 

304 

307 

298 

311 

296 

293 

297 

306 

278 

262 

276 

244 

248 

268 

268 

308 

308 

297 

306 

289 

273 

300 

247 

233 

281 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

302 

289 

302 

299 

294 

297 

308 

305 

307 

306 

304 

306 

297 

287 

293 

315 

298 

293 

297 

306 

313 

317 

312 

312 

306 

300 

306 

305 

304 

289 

294 

284 

— 

277 

277 

316 

296 

291 

287 

287 

282 

280 

268 

260 

236 

236 

244 

216 

233 

263 

300 

293 

292 

290 

277 

274 

277' 

276 

269 

266 

268 

284 

287 

291 

294 

313 

294 

287 

291 

266 

277 

242 

247 

267 

276 

277 

263 

262 

271 

274 

291 

294 

308 

313 

274 

184 

247 

249 

278 

282 

266 

263 

248 

276 

284 

278 

289 

282 

284 

290 

291 

284 

282 

278 

278 

276 

277 

276 

287 

287 

284 


462 





Houbly Values — continued. 


E' — February, 1912. 


2000 y (-02 aa.S. unit) + 

Miaximum Reading 
and 'rime. 

Minimum. Reading 
and Time. 

16 h. 

10 h. 

17 h. 

18 h. 

10 h. 

20 h. 

21 h. 

22 h. 

23 h. 

24 li. 

Y 

y 

Y 

Y 

Y 

y 

Y 

y 

y 

y 


h. 

m. 

y 

h. 

m. 

292 

329 

364 

312 

324 

330 

346 

346 

316 

299 

374 

17 

0 

192 

6 

36 

350 

348 

329 

324 

335 

350 

354 

329 

337 

309 

392 

15 

22 

159 

9 

36 

361 

362 

353 

372 

360 

358 

330 

329 

319 

323 

402 

18 

35 

101 

10 

4: 

313 

330 

358 

337 

336 

332 

329 

319 

312 

322 

379 

16 

69 

230 

9 

32 

334 

325 

327 

330 

322 

319 

307 

298 

294 

303 

383 

8 

27 

253 

7 

35 

321 

270 

271 

303 

326 

314 

308 

298 

294 

281 

330 

19 

20 

203 

9 

17 

305 

310 

329 

332 

351 

338 

327 

324 

323 

327 

364 

19 

32 

260 

9 

33 

334 

316 

334 

327 

363 

351 

361 

366 

336 

314 

377 

21 

67 

176 

9 

46 

299 

285 

308 

326 

345 

330 

324 

305 

301 

300 

353 

19 

26 

214 

8 

1 

294 

337 

337 

355 

383 

371 

378 

325 

332 

332 

402 

18 

66 

204 

12 

1 

341 

332 

371 

364 

374 

396 

402 

352 

332 

316 

427 

7 

57 

133 

11 

16 

278 

288 

306 

306 

323 

361 

369 

3]] 

297 

306 

400 

21 

12 

113 

6 

64 

282 

298 

316 

367 

391 

400 

368 

339 

308 

319 

434 

20 

26 

176 

7 

30 

319 

353 

345 

366 

:mo 

329 

325 

313 

316 

319 

383 

17 

33 

160 

5 

47 

312 

392 

352 

406 

345 

329 

327 

341 

330 

324 

437 

16 

3 

224 

9 

30 

293 

316 

295 

282 

319 1 

316 

324 1 

311 

307 

305 

340 

19 

22 

214 

11 

60 

314 

409 

377 

346 

326 

324 

312 

300 

290 

323 

436 

16 

6 

98 

10 

43 

222 

246 

283 

303 

316 

313 

305 

294 

288 

298 

361 

9 

22 

80 

7 

32 

325 

332 

378 

311 

310 

310 

311 

308 

306 

299 

402 

17 

16 

211 

8 

26 

290 

313 

300 

306 

318 

332 

335 

322 

306 

301 

342 

20 

49 

230 

8 

1 

314 

334 

332 

332 

332 

329 

322 

321 

316 

305 

346 

16 

13 

266 

7 

68 

281 

299 

316 

323 

332 

325 

324 

311 

309 

303 

340 

19 

12 

201 

10 

27 

339 

345 

3^13 

335 

352 

351 

350 

348 

324 

326 

371 

21 

25 

206 

9 

9 

332 

361 

392 

379 

;187 

368 

342 

316 

308 

311 

405 

19 

8 

221 

3 

38 

330 

341 

343 

352 

339 

337 

347 

337 

327 

324 

368 

18 

14 

186 

8 

31 

335 

335 

332 

340 

1 

334 

319 

316 

1 319 

305 

1 366 

17 

46 

201 

8 

37 J 


E'—Mtircli, 1912. 


315 

324 

329 

362 

386 

389 

331 

307 

3(K) 

302 

420 

19 

25 

255 

13 

36 

320 

329 

331 

336 

344 

35i) 

.'lio 

328 

320 

311 

380 

19 

59 

210 

11 

38 

328 

315 

309 

323 

329 

321 

32J 

315 

308 

306 

344 

14 

26 

251 

10 

5 

297 

318 

325 

325 

321 

321 

(512 

308 

307 

304 

362 

11 

17 

187 

8 

24 

30(5 

305 

313 

318 

322 

321 

335 

325 

328 

322 

345 

21 

18 

247 

10 

22 

310 

322 

318 

315 

321 

322 

328 

325 

324 

306 

366 

14 

10 

226 

7 

69 

331 

328 

329 

316 

311 

526 

329 

335 

318 

31H 

357 

17 

32 

207 

8 

48 

323 

307 

370 

38(5 

388 

357 

367 

373 

368 

309 

426 

22 

66 

238 

12 

40 

357 

370 

389 

381 

378 

3(50 

352 

328 

310 

317 

407 

18 

2 

114 

9 

35 

340 

331 

349 

347 

348 

341 

359 

331 

312 

318 

368 

18 

5 

195 

8 

3 

289 

304 

351 

363 

363 

354 

351 

321 

308 

304 

370 

18 

30 

183 

7 

48 

351 

364 

373 

357 

355 

321 

337 

352 

326 

318 

384 

16 

29 

274 

i] 

20 

325 

328 

337 

349 

389 

337 

335 

338 

320 

318 

412 

19 

0 

240 

5 

18 

324 

331 

338 

34(5 

338 

328 

324 

329 

318 

311 

360 

17 

35 

281 

9 

27 

275 

312 

323 

318 

320 

320 

322 

333 

326 

306 

368 

21 

37 

195 

7 

36 

306 

320 

310 

315 

315 

320 

331 

336 

328 

321 

346 

22 

3 

192 

11 

23 

304 

317 

312 

313 

311 

316 

313 

310 

310 

307 

329 

14 

0 

239 

11 

16 

307 

310 

313 

321 

323 

331 

336 

320 

313 

310 

342 

20 

44 

256 

10 

43 

311 

307 

305 

313 

326 

328 

315 

312 

316 

308 

336 

19 

40 

249 

10 

16 

294 

299 

310 

315 

321 

318 

315 

320 

316 

310 

324 

20 

3 

263 

8 

43 

336 

329 

324 

329 

324 

328 

355 

376 

331 

304 

413 

22 

2 

269 

11 

10 

347 

3(56 

364 

349 

330 

322 

340 

321 

306 

308 

394 

17 

7 

208 

11 

4 




- 

— — 

. ,, . 


, 


— 

318 

9 

17 

211 

8 

19 

308 

315 

324 

331 

335 

329 

313 

311 

316 

308 

366 

19 

20 

271 

9 

43 

318 

328 

326 

328 

326 

(325) 

(324) 

323 

317 

317 

336 

16 

20 

268 

8 

30 

333 

317 

317 

311 

302 

304 

297 

293 

298 

296 

347 

16 

21 

262 

10 

38 

317 

305 

311 

307 

313 

306 

298 

294 

291 

293 

321 

15 

36 

198 

10 

63 

309 

310 

318 

319 

326 

340 

333 

310 

286 

294 

369 

20 

20 

252 

9 

32 

286 

287 

300 

317 

313 

305 

308 

303 

297 

294 

337 

18 

39 

216 

6 

27 

282 

300 

300 

313 

361 

342 

326 

302 

294 

289 

396 

18 

39 

163 

4 

1 

i 297 

300 

300 

302 

302 

298 

298 

297 

292 

1 289 

816 

16 

30 

258 

11 

35 


463 
























Hourly Values — continued. 


E'— April, 1 912. 

2000>'(-02C.G.S. Unit) + 

Ifi h. I 17 h. I 18 h. 1 10 h. I 20 h. I 21 h. I 22 h. I 23 li. 1 24 h. 


y 

304 1 304 I 300 1 300 I 300 I 303 I 311 I 293 I 292 


Alaximum Bonding 
and Time. 


Minimum Beading 
and Time. 


303 303 

335 344 

328 323 

362 323 

328 313 

309 309 

309 310 

304 317 

294 313 

292 298 

290 298 

294 303 

300 298 

376 391 

337 324 

308 318 

321 344 

308 306 

326 331 

303 300 

317 316 

315 328 

309 313 

295 3(X) 

303 3(K) 

305 308 

305 306 

305 306 

308 308 


300 300 
309 310 

339 334 

315 309 

337 318 

313 313 

308 307 

313 313 
317 313 

342 344 

298 300 

305 304 
326 331 
298 307 

417 449 

339 363 
371 390 

368 356 
302 302 

352 335 

302 304 

326 359 
329 306 

322 337 
307 320 

300 302 

309 318 
313 310 

303 {303)1 

305 307 


300 303 

311 306 

308 300 

316 320 

329 336 

309 322 
313 342 
306 307 

297 298 

336 382 
319 304 
308 317 

336 342 

319 309 

441 370 

390 391 
302 300 

339 326 

298 303 

322 311 
298 300 

369 333 
300 300 

332 320 

318 319 

302 308 

302 309 

311 310 

(303) 303 
308 305 


311 293 292 

302 297 293 

303 297 297 

300 294 292 
339 306 318 

323 316 289 
342 304 296 
297 294 296 
293 297 294 
366 276 276 
300 298 297 
318 302 304 
326 307 289 

300 293 289 

339 320 271 

316 320 333 

368 337 287 

333 324 310 
308 306 293 

307 302 . 294 
300 296 293 

308 297 304 
300 300 294 
326 313 293 

308 311 309 

309 306 303 
328 313 304 
300 303 ' 297 
300 3(K) 290 

304 304 297 


21 66 

19 28 
18 11 

20 42 
16 41 
14 40 

21 66 
2 10 

12 10 
21 60 

19 41 

21 36 

20 39 
20 12 

19 24 

20 38 
18 33 

22 25 
16 32 

18 23 
11 46 

19 48 

16 37 

19 8 

20 46 

23 63 

21 46 

17 60 

16 69 

17 12 



E'— May, 1912. 


309 321 327 360 340 ' 324 ' 305 303' 

292 302 316 327 366 316 314 298 

314 307 329 327 344 349 308 314 

303 303 302 302 297 

291 310 318 320 309 334 379 344 

291 302 297 299 302 300 302 323 

296 297 305 306 314 313 306 313 

280 28!) 308 299 298 305 326 341 

296 2!)9 3(X) 302 302 311 311 296 

302 309 338 313 299 303 308 306 

297 297 302 303 302 306 303 302 

313 362 363 380 399 376 302 321 

297 323 376 349 349 422 420 379 

307 310 342 391 386 367 284 289 

309 326 310 306 328 318 314 308 

300 308 311 316 313 309 321 310 

299 308 318 318 318 316 306 302 

303 306 306 303 300 298 297 297 

302 302 309 310 307 318 322 305 

314 308 316 321 307 306 297 299 

310 323 318 310 306 298 302 298 

300 316 306 310 309 306 303 302 

303 303 307 308 306 303 306 300 

303 303 306 303 303 308 308 303 

305 306 308 308 303 302 303 303 

308 306 310 313 316 311 334 305 

306 309 306 306 311 311 316 302 

303 318 327 326 323 306 299 303 

307 307 309 314 311 314 308 310 

309 306 306 306 803 303 300 303 

312 312 312 310 306 306 306 311 


M~~300 ' 366 18 0 282 6 3 

306 298 400 19 7 273 9 42 

298 296 387 18 62 200 6 48 

302 312 320 1 3 214 6 28 

347 234 404 20 23 106 23 47 

327 318 346 23 23 189 7 18 

323 305 336 1 27 200 3 63 

310 310 383 21 68 194 9 43 

296 296 319 20 26 239 6 27 

303 302 384 17 7 268 6 67 

300 300 312 0 4 284 7 40 

296 305 466 19 37 229 23 12 

302 297 473 20 16 94 9 67 

289 287 442 17 21 136 9 38 

312 284 360 16 47 216 7 37 

302 306 327 18 30 268 6 30 

299 306 332 18 27 268 7 26 

296 296 316 16 10 271 0 42 

299 310 339 20 30 271 9 3 

297 297 328 18 24 232 8 12 

299 296 331 16 36 261 7 12 

303 299 323 16 46 266 6 20 

303 302 310 21 12 286 4 8 

303 303 316 20 46 289 9 46 

303 306 316 16 63 269 11 30 

302 303 363 21 10 284 6 36 

300 300 324 20 66 286 9 34 

302 306 368 16 46 284 12 2 

310 306 327 23 33 292 9 37 

308 303 326 2 14 278 6 67 

308 302 328 17 41 207 8 10 



Hotjkly Values — continued. 


E' — June, 1912. 


Bay. 

2000y (-02 0.0.8. Unit) + | 

Oh. 

1 h. 

2h. 

Sh. 

4h. 

61 l 

6h. 

7)1, 

8h. 

Oh. 

10 h. 

11 h. 

12 h. 

13 h. 

14 h. 


y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

1 

299 

299 

299 

291 

295 

299 

288 

297 

306 

247 

270 

283 

294 

297 

300 

2 

307 

286 

300 

291 

294 

292 

294 

294 

286 

289 

291 

288 

289 

292 

296 

3 

300 

294 

299 

302 

286 

286 

291 

278 

276 

262 

260 

286 

275 

273 

289 

4 

300 

302 

296 

294 

292 

299 

294 

296 

299 

297 

276 

276 

286 

292 

299 

6 

312 

306 

302 

296 

299 

296 

284 

266 

284 

296 

300 

297 

300 

302 

300 

6 

.300 

297 

307 

289 

291 

299 

299 

288 

296 

293 

299 

299 

299 

306 

304 

7 

299 

302 

300 

297 

300 

299 

299 

299 

297 

295 

286 

291 

299 

302 

302 

8 

302 

300 

299 

300 

300 

300 

302 

306 

304 

291 

289 

277 

263 

291 

312 

9 

288 

286 

260 

276 

268 

276 

286 

264 

202 

208 

276 

282 

289 

299 

260 

10 

269 

306 

296 

268 

276 

277 

276 

286 

266 

216 

210 

234 

221 

289 

278 

11 

297 

293 

306 

284 

276 

279 

196 

218 

271 

292 

277 

276 

286 

291 

297 

12 

306 

296 

294 

302 

305 

294 

284 

297 

299 

286 

294 

284 

289 

282 

300 

13 

304 

299 

299 

291 

292 

296 

283 

291 

302 

289 

293 

292 

291 

299 

299 

14 

296 

297 

291 

296 

292 

286 

276 

292 

292 

288 

292 

293 

294 

300 

302 

15 

295 

296 

304 

279 

289 

294 

297 

294 

284 

291 

296 

289 

276 

299 

304 

16 

296 

299 

300 

297 

297 

296 

294 

292 

294 











17 

— 

— 

— 

— 

— 

— 

— 

— 

— 

281 

292 

293 

302 

300 

299 

18 

297 

297 

299 

299 

300 

289 

286 

286 

302 

286 

299 

295 

292 

292 

299 

19 

299 

295 

300 

289 

289 

299 

300 

297 

292 

297 

295 

282 

292 

288 

289 

20 

299 

299 

297 

297 

296 

299 

296 

297 

294 

302 

299 

299 

299 

299 

299 

21 

299 

299 

300 

300 

296 

296 

297 

295 

296 

296 

299 

296 

297 

299 

300 

22 

302 

293 

299 

297 

304 

297 

289 

286 

291 

293 

283 

288 

293 

304 

299 

23 

304 

297 

291 

292 

284 

289 

291 

299 

302 

306 

302 

296 

296 

296 

302 

24 

302 

293 

304 

302 

302 

297 

288 

277 

264 

262 

273 

264 

289 

291 

299 

25 

316 

304 

304 

289 

291 

297 

292 

296 

296 

299 

289 

296 

296 

276 

297 

26 

292 

299 

299 

299 

297 

297 

294 

289 

291 

297 

300 

297 

291 

294 

299 

27 

302 

299 

293 

299 

296 

296 

294 

293 

286 

284 

294 

296 

302 

302 

299 

28 

304 

282 

291 

296 

300 

294 

292 

289 

289 

289 

277 

270 

229 

288 

302 

29 

296 

316 

276 

292 

296 

296 

281 

277 

280 

273 

277- 

276 

260 

271 

291 

30 

308 

311 

299 

289 

304 

295 

291 

260 

240 

264 

283 

283 

281 

289 

289 


E — July, 1912. 


1 

303 

303 

297 

293 

293 

298 

297 

J 3 

294 

292 

293 

281 

284 

282 

295 

295 

2 

300 

297 

279 

298 

303 

294 

301 

296 

296 

— 

— 






3 

— 

— 

— 

— 

— 

— 

— 

— 

— 

296 

296 

290 

297 

296 

300 

4 

309 

306 

301 

296 

303 

253 

249 

269 

271 

279 

293 

261 

268 

277 

310 

6 

308 

286 

267 

263 

292 

293 

287 

266 

254 

261 

278 

248 

219 

170 

301 

6 

319 

319 

271 

296 

290 

269 

237 

266 

232 

188 

267 

277 

301 

287 

297 

7 

316 

294 

297 

300 

295 

269 

267 

296 

278 

290 

267 

266 

287 

3(X) 

303 

8 

301 

301 

303 

300 

303 

294 

280 

271 

293 

282 

271 

287 

281 

266 

301 

9 

303 

298 

280 

300 

276 

271 

290 

296 

284 

263 

284 

296 

300 

303 

303 

10 

294 

298 

295 

300 

297 

293 

294 

290 

289 

301 

300 

301 

301 

303 

300 

11 

300 

298 

303 

301 

301 

300 

294 

287 

284. 

301 

294 

298 

301 

294 

289 

12 

300 

296 

298 

300 

301 

297 

300 

298 

297 

296 

298 

300 

300 

301 

301 

13 

300 

292 

296 

306 

300 

300 

303 

300 

296 

296 

293 

290 

296 

297 

303 

14 

298 

296 

298 

296 

300 

300 

297 

296 

296 

297 

295 

296 

298 

300 

301 

16 

300 

300 

297 

308 

303 

301 

300 

300 

297 

294 

296 

303 

301 

300 

301 

16 

301 

300 

297 

301 

300 

297 

292 

289 

297 

294 

289 

293 

296 

287 

292 

17 

290 

290 

290 

295 

296 

297 

303 

298 

287 

292 

296 

290 

294 

1 297 

300 

18 

298 

300 

307 

290 

266 

279 

266 

266 

268 

267 

261 

274 

279 

287 

296 

19 

300 

300 

301 

301 

301 

300 

300 

296 

296 

296 

298 

293 

290 

296 

300 

20 

301 

300 

296 

298 

303 

301 

300 

296 

293 

296 

292 

298 

282 

281 

297 

21 

306 

306 

297 

303 

298 

301 

289 

301 

298 

284 

280 

267 

283 

290 

276 

22 

303 

303 

300 

308 

303 

300 

300 

300 

308 

296 

296 

290 

293 

303 

303 

23 

307 

308 

301 

300 

297 

294 

298 

300 

296 

297 

292 

289 

296 

303 

312 

24 

303 

303 

301 

296 

294 

306 

303 

301 

300 

300 

300 

303 

300 

301 

303 

26 

303 

301 

303 

303 

301 

303 

300 

296 

283 

289 

287 

297 

300 

298 

307 

26 

308 

300 

300 

310 

306 

301 

269 

278 

289 

296 

303 

281 

301 

303 

300 

27 

327 

300 

306 

306 

266 

290 

295 

286 

278 

272 

266 

270 

282 

296 

296 

28 

297 

303 

300 

287 

286 

287 

278 

290 

290 

290 

300 

300 

303 

310 

306 

29 

308 

308 

306 

300 

300 

300 

290 

300 

296 

300 

297 

300 

298 

303 

306 

30 

303 

300 

300 

297 

303 

300 

300 

303 

297 

300 

300 

301 

296 

298 

300 

SI 1(317)1 

308 

294 

296 

284 

284 

284 

271 

284 

286 

290 

289 

(286) 

283 

295 


466 




Houely Values — continued. 

E'— June, 1912^ 

2000y (‘02 O.G.8. Unit) + Maximum Eoading Minimum Beading 

15 h. 16 h. 17 h. 18 h. 19 li. 20 h. 21 h. 22 h. 23 li. | 24 h. 

yyyyyyyyy 

302 309 363 366 363 357 384 304 300 307 419 

302 312 341 333 386 328 306 306 296 300 476 

313 323 328 419 346 306 307 311 304 300 494 

296 296 300 312 306 311 302 310 310 312 326 

295 299 299 311 322 306 306 299 302 300 348 

296 302 307 321 307 302 299 302 299 299 346 

302 300 300 302 , 302 302 299 300 300 302 308 

310 366 341 348 417 368 366 313 336 288 607 

267 318 325 341 341 316 311 306 320 269 366 

294 294 316 361 324 322 309 300 313 297 397 

309 309 319 311 322 331 328 313 297 306 374 

307 318 320 328 316 308 311 306 296 304 346 

300 300 306 312 304 307 308 307 306 296 346 

300 313 339 326 336 328 320 316 306 296 367 

299 306 302 304 306 309 309 299 297 296 333 

300 300 299 297 299 300 302 302 307 297 316 

300 302 302 306 307 312 306 302 307 299 320 

293 299 299 302 306 318 305 302 302 299 328 

299 302 302 300 306 302 3(X) 300 299 299 310 

300 302 308 312 320 309 302 302 302 302 338 

300 302 302 304 306 308 306 307 306 304 321 

300 309 306 302 304 306 318 308 304 302 320 

296 302 311 3(» 317 324 333 300 299 316 346 

296 299 302 302 304 309 307 299 302 292 321 

296 291 299 3(X) 299 300 300 296 299 302 307 

302 304 302 310 319 372 384 320 333 304 435 

299 302 302 317 337 368 363 296 291 296 381 

291 302 306 304 326 331 344 349 328 308 381 

297 300 302 307 312 304 307_. SOg 307 302 362 

E'-— July, J912._ 

301~ 3T6 ' 36r“349' ‘ 3T4r‘'3ir 316 TlO ' 298 “300 ' "'387 ’ 

300 303 303 308 306 307 310 312 310 309 - 322 

301 363 365 366 362 392 322 301 303 308 427 

327 349 248 319 342 346 340 336 318 319 387 

278 300 319 310 307 303 309 310 324 316 343 

306 312 306 311 321 316 306 303 298 301 347 

289 306 307 308 303 306 300 301 306 303 324 

303 303 311 314 314 321 334 303 310 294 347 

300 308 306 306 306 301 301 303 301 300 316 

300 308 308 308 306 300 303 301 298 3(X1 320 

303 308 308 308 312 310 309 303 303 300 320 

305 306 303 303 303 301 301 301 301 298 314 

303 310 309 308 309 306 301 303 301 300 323 

301 309 311 314 320 312 316 301 301 301 339 

300 301 319 338 364 393 329 320 301 290 403 

(301) (302) 303 303 303 301 316 308 300 298 340 

312 318 316 313 311 308 303 301 300 300 323 

311 321 314 312 321 306 306 311 306 301 327 

307 301 307 314 348 377 332 332 327 306 411 

294 307 318 327 318 307 303 308 306 303 360 

301 307 312 316 322 332 310 309 310 307 342 

303 307 306 316 347 318 300 306 309 303 363 

309 309 306 309 307 311 312 306 306 303 320 

308 309 308 308 308 308 308 314 316 308 321 

306 309 316 337 329 324 326 347 332 327 366 

316 334 366 319 326 319 310 303 301 297 376 

308 308 308 310 309 311 316 308 311 308 321 

306 306 308 (316) 323 334 314 309 303 303 360 

307 309 310 313 336 360 343 (334) (326) (317) 366 

(311) 326 336 361 361 339 334 332 314 303 366 


467 


2o2 





Houely Values — oontinueA. 


E' — ^August, 1912. 


Day. 

20001' (-02 QG.S. Unit) + 

Oh. 

1 h. 

21. 1 

3h. 

4h. 

6h. 

6h. 

7h. 

8h. 

9h, 

10 h. 

11 h. 

12 h. 

13 h. 

14 h. 




7 

7 

7 

7 

7 

7 

y 

7 

7 

7 

7 

7 

7 

7 

1 

294 

303 

306 

285 

289 

260 

232 

241 

257 

239 

263 

265 

246 

267 

273 

2 

294 

294 

292 

297 

294 

292 

292 

280 

258 

274 

291 

294 

284 

289 

292 

3 

302 

296 

276 

268 

299 

294 

288 

291 

296 

291 

285 

289 

301 

287 

286 

4 

291 

284 

291 

291 

294 

294 

294 

289 

291 

292 

284 

281 

291 

292 

298 

5 

298 

296 

292 

292 

294 

297 

298 

299 

294 

291 

292 

291 

294 

293 

301 

6 

301 

298 

296 

299 

304 

294 

286 

284 

294 

— 

— 

— 

— 

■ — . 

— 

7 

— 

— 

— 

— 

— 

— 

— 

— 

— 

289 

287 

278 

281 

281 

276 

8 

294 

299 

294 

292 

289 

267 

262 

272 

276 

294 

294 

287 

286 

299 

297 

9 

296 

297 

297 

289 

289 

288 

289 

291 

291 

285 

274 

278 

297 

292 

292 

10 

296 

289 

289 

294 

294 

287 

281 

286 

286 

283 

285 

291 

281 

276 

303 

11 

307 

299 

296 

294 

291 

291 

289 

274 

249 

256 

267 

266 

271 

269 

292 

12 

297 

302 

294 

291 

294 

291 

289 

289 

287 

283 

291 

292 

294 

297 

297 

13 

296 

291 

294 

294 

294 

284 

281 

284 

291 

236 

287 

288 

287 

291 

291 

14 

297 

296 

296 

296 

294 

292 

294 

292 

292 

292 

289 

294 

299 

303 

307 

15 

306 

296 

296 

287 

286 

286 

283 

281 

278 

272 

283 

284 

289 

286 

288 

16 

298 

298 

299 

296 

296 

292 

292 

294 

289 

289 

285 

278 

288 

291 

301 

17 

298 

291 

294 

294 

292 

292 

286 

286 

273 

291 

254 

226 

194 

196 

289 

18 

316 

292 

284 

283 

280 

278 

272 

280 

281 

287 

260 

291 

281 

289 

294 

19 

291 

294 

294 

285 

289 

286 

268 

246 

168 

U80) 

(202) 

223 

174 

243 

307 

20 

294 

307 

294 

300 

286 

276 

272 

278 

284 

285 

285 

265 

271 

271 

270 

21 

300 

292 

291 

296 

287 

270 

281 

286 

267 

266 

249 

262 

272 

280 

287 

22 

313 

299 

271 

288 

284 

278 

267 

272 

272 

269 

244 

219 

232 

226 

242 

23 

306 

296 

314 

264 

236 

243 

236 

217 

223 

239 

216 

189 

226 

232 

266 

24 

294 

298 

273 

261 

291 

276 

246 

210 

236 

236 

187 

231 

267 

299 

297 

25 

291 

298 

301 

281 

276 

263 

273 

278 

266 

283 

273 

265 

281 

272 

281 

26 

287 

294 

307 

294 

288 

278 

281 

274 

267 

276 

265 

276 

280 

284 

296 

27 

302 

294 

286 

291 

291 

289 

280 

281 

272 

281 

267 

267 

268 

284 

289 

28 

316 

323 

310 

305 

276 

299 

262 

256 

267 

286 

270 

271 

281 

303 

312 

29 

298 

297 

299 

284 

262 

284 

281 

276 

274 

292 

292 

294 

274 

281 

307 

30 

302 

294 

299 

294 

286 

263 

234 

274 

262 

281 

286 

280 

284 

299 

300 

31 

296 

296 

294 

292 

294 

292 

288 

288 

284 

278 

265 

271 

286 

304 

316 


E' — Septe mber, 1 912. 


1 

305 

305 

311 

295 

301 

300 

286 

269 

278" 

282 

285 

289 

276 

266 

283 

2 

308 

303 

303 

300 

306 

303 

300 

300 

300 

298 

303 

303 

306 

309 

313 

3 

301 

297 

300 

303 

306 

303 

303 

300 

300 

295 

294 

306 

310 

312 

313 

4 

308 

308 

303 

305 

303 

303 

303 

301 

301 

301 

(298) 

296 

258 

266 

278 

6 

318 

296 

300 

303 

300 

268 

261 

276 

287 

278 

283 

284 

306 

311 

308 

6 

303 

308 

303 

300 

303 

303 

287 

287 

286 

265 

251 

274 

266 

250 

276 

7 

307 

296 

306 

306 

309 

301 

290 

296 

297 

296 

281 

269 

267 

298 

300 

8 

310 

308 

300 

306 

306 

294 

284 

286 

300 

290 

289 

293 

297 

298 

318 

9 

301 

310 

303 

298 

300 

298 

290 

283 

284 

295 

296 

289 

282 

306 

293 

10 

310 

295 

306 

286 

292 

296 

293 

290 

289 

272 

277 

271 

276 

274 

281 

11 

309 

298 

300 

306 

281 

287 

290 

296 

293 

289 

287 

294 

290 

308 

283 

12 

300 

301 

303 

306 

306 

298 

294 

283 

300 

279 

268 

269 

276 

279 

283 

13 

323 

303 

292 

293 

290 

290 

279 

271 

263 

232 

277 

278 

284 

283 

293 

14 

306 

297 

300 

300 

306 

298 

274 

227 

224 

194 

276 

298 

274 

279 

316 

16 

300 

303 

301 

301 

296 

297 

298 

280 

274 

272 

281 

282 

287 

312 

321 

16 

308 

307 

309 

306 

303 

297 

300 

303 

300 

303 

301 

307 

311 

313 

311 

17 

307 

300 

298 

296 

296 

297 

301 

(300) 

(300) 

298 

303 

314 

313 

306 

312 

18 

331 

323 

314 

281 

274 

209 

196 

190 

181 

123 

266 

309 

278 

268 

270 

19 

290 

318 

290 

287 

300 

297 

289 

272 

241 

214 

258 

287 

280 

284 

303 

■ 20 

312 

307 

311 

303 

278 

260 

258 

266 

287 

209 

293 

250 

268 

268 

269 

21 

308 

310 

300 

303 

292 

287 

294 

278 

300 

287 

297 

298 

308 

303 

320 

22 

318 

314 

300 

289 

277 

274 

274 

282 

249 

242 

242 

272 

266 

267 

278 

23 

297 

296 

313 

296 

283 

280 

266 

269 

272 

248 

287 

262 

300 

290 

298 

24 

296 

296 

310 

301 

290 

278 

224 

280 

285 

306 

311 

312 

310 

303 

310 

25 

287 

276 

271 

280 

287 

290 

268 

268 

203 

180 

179 

186 

263 

321 

329 

26 

309 

309 

303 

306 

303 

298 

303 

314 

308 

306 

306 

307 

281 

290 

332 

27 

303 

306 

311 

308 

298 

295 

287 

271 

239 

260 

289 

306 

307 

311 

316 

28 

297 

309 

306 

303 

303 

290 

293 

309 

306 

307 

300 

297 

307 

323 

329 

29 

313 

301 

306 

306 

301 

303 

300 

300 

294 

(301) 

308 

303 

301 

300 

322 

30 

309 

311 

308 

307 

303 

293 

283 

279 

282 

293 

268 

279 

311 

287 

293 


468 




Hourly Values — continued. 


E' — ^August) 1912. 


2000y (0-02 C.G.S. Unit) + 

Maximum Reading 

Minimum Reading 

16 h. 

16 1l 

nil. 

18 h. 

19 h. 

20 h. 

21 h. 

22 h. 

23 h. 

24 h. 

and Time. 


and Time. 

y 

y 

Y 

y 

Y 

Y 

Y 

Y 

Y 

Y 

y 

h. 

m. 

y 

h. 

m. 

281 

430 

338 

316 

312 

306 

303 

294 

297 

294 

608 

16 

19 

186 

8 

33 

302 

307 

323 

310 

303 

301 

307 

300 

300 

302 

341 

17 

10 

247 

8 

2 

298 

306 

323 

361 

346 

328 

323 

307 

296 

291 

372 

38 

20 

249 

2 

48 

307 

309 

299 

301 

298 

300 

302 

298 

298 

298 

321 

14 

37 

269 

11 

32 

303 

302 

305 

299 

299 

301 

307 

303 

296 

301 

314 

21 

32 

284 

10 

62 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

314 

3 

20 

261 

7 

21 

289 

298 

304 

310 

310 

318 

297 

296 

288 

294 

367 

20 

16 

221 

11 

27 

301 

301 

302 

310 

316 

299 

299 

298 

298 

296 

328 

18 

47 

264 

5 

41 

292 

303 

309 

320 

322 

306 

304 

307 

303 

296 

331 

19 

2 

266 

10 

38 

311 

307 

305 

304 

299 

307 

301 

299 

297 

307 

326 

16 

10 

269 

12 

48 

299 

299 

304 

303 

303 

305 

318 

300 

296 

297 

329 

16 

36 

226 

7 

68 

298 

299 

299 

298 

300 

302 

299 

303 

301 

296 

311 

21 

30 

276 

7 

10 

296 

300 

303 

307 

307 

307 

304 

296 

298 

297 

312 

18 

68 

273 

8 

38 

311 

314 

323 

309 

313 

318 

312 

316 

307 

306 

339 

20 

30 

280 

9 

68 

309 

317 

326 

309 

312 

302 

297 

294 

294 

298 

334 

17 

12 

264 

9 

12 

304 

307 

306 

307 

306 

302 

307 

302 

294 

298 

316 

16 

3 

272 

11 

36 

294 

318 

375 

369 

366 

357 

330 

336 

328 

310 

470 

17 

16 

176 

12 

48 

291 

302 

306 

304 

313 

307 

307 

299 

299 

291 

333 

0 

7 

236 

9 

46 

320 

322 

323 

317 

325 

333 

367 

333 

328 

294 

411 

21 

19 

69 

8 

20 

299 

307 

302 

311 

307 

304 

320 

314 

316 

300 

331 

20 

40 

234 

6 

36 

301 

298 

297 

328 

339 

322 

297 

338 

347 

313 

373 

23 

8 

234 

8 

26 

314 

394 

323 

318 

336 

368 

323 

333 

311 

306 

433 

16 

18 

181 

10 

62 

278 

327 

338 

366 

363 

359 

338 

320 

318 

294 

389 

18 

48 

101 

11 

12 

310 

307 

312 

316 

367 

363 

336 

307 

301 

291 

422 

19 

12 

179 

9 

60 

294 

307 

323 

327 

346 

340 

306 

323 

297 

287 

366 

18 

60 

215 

8 

15 

316 

320 

336 

312 

316 

307 

307 

303 

300 

302 

361 

16 

30 

225 

9 

28 

309 

310 

320 

33G 

351 

316 

318 

326 

331 

316 

380 

18 

53 

247 

10 

30 

323 

320 

311 

310 

314 

314 

303 

301 

303 

298 

354 

16 

18 

218 

6 

10 

307 

318 

320 

320 

316 

314 

306 

301 

301 

302 

338 

16 

66 

221 

3 

55 

311 

317 

323 

314 

326 

314 

298 

301 

299 

296 

361 

19 

32 

223 

8 

23 

330 

;k)7 

307 

307 

307 

302 

303 

302 

298 

296 

338 

14 

29 

246 

10 

22 







E' — September, 1912. 






305 

"3¥6l 

lisi 

334 

321 

312 

312 

309 

309 

308 

347 

18 ' 

20 

" ' 241 "■ 

■ 13 

■“‘b , 

319 

316 

318 

319 

318 

322 

322 

303 

314 

301 

340 

19 

67 

284 

2 

36 

319 

320 

319 

314 

321 

310 

309 

308 

307 

308 

326 

16 

40 

269 

8 

66 

284 

320 

331 

321 

322 

319 

316 

320 

316 

3J8 

339 

19 

6 

239 

13 

13 

309 

313 

325 

324 

318 

326 

334 

334 

342 

303 

367 

23 

20 

241 

6 

27 

309 

327 

342 

349 

340 

337 

360 

340 

309 

307 

396 

17 

32 

211 

9 

48 

314 

311 

319 

329 

348 

334 

319 

320 

308 

310 

368 

18 

67 

266 

10 

28 

320 

319 

331 

324 

329 

374 

332 

326 

316 

301 

400 

19 

46 

272 

7 

7 

307 

320 

334 

334 

336 

340 

346 

337 

326 

310 

364 

21 

0 

269 

11 

36 

287 

308 

306 

308 

312 

309 

312 

313 

311 

309 

337 

17 

66 

264 

12 

2 

290 

311 

342 

340 

343 

347 

324 

326 

308 

300 

366 

20 

14 

243 

11 

32 

298 

329 

349 

382 

386 

342 

369 

329 

294 

323 

416 

18 

18 

266 

8 

69 

314 

332 

331 

326 

331 

316 

316 

308 

309 

306 

342 

18 

42 

198 

8 

37 

308 

310 

314 

329 

323 

329 

340 

329 

312 

300 

368 

21 

2 

166 

9 

2 

319 

318 

324 

323 

316 

316 

314 

313 

309 

308 

327 

17 

0 

237 

10 

54 

320 

326 

336 

339 

337 

339 

337 

327 

307 

307 

360 

18 

50 

290 

7 

66 

323 

332 

334 

336 

326 

318 

316 

312 

324 

331 

348 

16 

33 

272 

8 

36 

339 

364 

371 

336 

389 

366 

342 

322 

342 

290 

442 

19 

27 

66 

8 

36 

297 

311 

321 

321 

320 

326 

322 

313 

303 

312 

373 

0 

27 

194 

9 

0 

300 

332 

331 

329 

361 

363 

332 

316 

311 

308 

376 

19 

26 

168 

8 

39 

316 

311 

311 

318 

314 

329 

332 

334 

322 

318 

345 

22 

8 

240 

7 

21 

278 

271 

322 

354 

339 

339 

334 

329 

314 

297 

362 

17 

48 

211 

9 

37 

316 

332 

329 

337 

338 

329 

313 

342 

312 

296 

368 

22 

7 

210 

6 

62 

367 

374 

367 

374 

439 

442 

471 

424 

332 

287 

608 

20 

38 

218 

6 

40 

327 

322 

332 

329 

319 

318 

314 

314 

310 

309 

346 

17 

40 

136 

11 

12 

329 

320 

334 

320 

318 

332 

331 

311 

307 

303 

346 

20 

10 

263 

14 

33 

322 

331 

329 

329 

316 

316 

314 

314 

321 

297 

337 

16 

17 

206 

8 

8 

339 

340 

332 

326 

323 

314 

314 

308 

308 

313 

360 

15 

38 

274 

6 

45 

336 

327 

337 

342 

324 

319 

310 

311 

310 

309 

348 

17 

0 

282 

7 

66 

294 

316 

326 

324 

327 

323 

319 

318 

310 

303 

334 

17 

66 

239 

10 

6 


m 


2o 3 


Hourly Values — continited. 

B' — October, 1912, 


2000y (0-03 GG.S. Unit) + 


Day. 

Oh. 

1 h. 

2h. 

3h. 

4h. 

6h. 

Oh. 

7h. 

8)1. 

9h. 

10 h. 

11 h. 

12 h. 

13 h. 

14 h. 

1 

V 

311 

V 

309 

Y 

309 

Y 

311 

y 

309 

y 

302 

y 

296 

y 

290 

y 

282 

y 

308 

y 

266 

y 

303 

y 

316 

y 

327 

y 

327 

2 

363 

324 

287 

282 





— 

— 

— 

279 

277 

273 

301 

309 

3 

314 

317 

317 

306 

308 

314 

308 

311 

317 

306 

297 

266 

255 

263 

277 

4- 

321 

324 

306 

316 

313 

306 

306 

302 

275 

288 

271 

296 

322 

311 

— 

5 








• 

, - , 

. — 

276 

282 

279 

284 

296 

311 

6 

324 

317 

322 

324 

313 

313 

309 

311 

314 

320 

311 

316 

334 

346 

340 

7 

316 

314 

311 

308 

300 

296 

288 

303 

328 

324 

316 

309 

329 

346 

339 

8 

318 

322 

334 

289 

303 

309 

304 

292 

279 

273 

267 

272 

280 

269 

274 

9 

316 

311 

304 

297 

302 

311 

328 

277 

262 

249 

260 

271 

262 

274 

286 

10 

316 

317 

308 

311 

306 

313 

308 

301 

289 

— 

— 

— 

— 

— 

— 

11 





___ 

268 

262 

261 

263 

222 

219 

— 

— 

298 

319 

]2 

295 

321 

318 

273 

227 

243 

263 

263 

213 

227 

266 

240 

224 

309 

333 

13 

317 

320 

301 

297 

292 

280 

288 

274 

240 

238 

224 

248 

231 

262 

282 

14 

308 

316 

292 

301 

292 

290 

(288) 

(286) 

(284) 

282 

271 

282 

263 

260 

277 

16 

368 

308 

300 

280 

263 

216 

221 

201 

202 

82 

166 

178 

186 

290 

320 

16 

319 

277 

269 

286 

231 

233 

206 

251 

207 

236 

180 

219 

240 

263 

282 

17 

306 

308 

334 

271 

278 

240 

262 

311 

196 

260 

276 

244 

220 

226 

235 

18 

301 

308 

296 

308 

316 

292 

246 

234 

296 

293 

288 

290 

293 1 

291 

308 

19 

308 

304 

304 

309 

304 1 

301 ' 

298 

293 

298 

298 

296 

296 

298 

306 

317 

20 

316 

309 

297 

298 

302 

308 

302 

306 

306 

286 

279 

298 

303 

322 

333 

2] 

311 

309 

308 

308 

306 

288 

291 

322 

322 

363 

336 

309 

311 

285 

295 

22 

311 

336 

296 

279 

296 

292 

296 

320 

300 

318 

290 

298 

300 

322 

320 

23 

302 

301 

289 

291 

302 

309 

303 

337 

342 

344 

337 

337 

342 

334 

337 

24 

318 

302 

311 

306 

306 

300 

297 

278 

282 

286 

286 

291 

296 

314 

318 

26 

317 

313 

300 

298 

293 

308 

316 

289 

280 

274 

261 

264 

266 

261 

279 

26 

303 

301 

296 

298 

291 

286 

296 

314 

290 

296 

303 

292 

296 

289 

301 

27 

302 

304 





- - 


— 

273 

261 

262 

266 

296 

284 

28 

328 

313 

302 

282 

273 

269 

269 

267 

277 

267 

286 

293 

272 

292 

340 

29 

308 

297 

306 

302 

278 

269 

269 

276 

301 

260 

220 

246 

260 

267 

284 

30 

306 

304 

308 

302 

306 

286 

277 

313 

324 

296 

303 

282 

306 

316 

332 

31 

310 

317 

282 

286 

298 

291 

278 

249 

236 

25C 

240 

230 

260 

266 

289 


B' — ^November, 1912. 


1 

316 

311 ■ 

296 

292 ' 

300 

296 

278 

282 “ 

"269 

229 ' 

229 

248 

263 

240 

269 

2 

313 

296 

308 

284 

269 

263 

263 

266 

233 

243 

230 

238 

263 

274 

276 

3 

301 

293 

316 

300 

303 

316 

287 

237 

272 

291 

297 

309 

322 

333 

342 

4 

308 

313 

306 

328 

320 

304 

334 

302 

329 

316 

300 

308 

297 

308 

337 

5 

308 

303 

306 

314 

311 

316 

322 

282 

269 

306 

289 

300 

340 

343 

337 

6 

308 

308 

306 

288 

288 

224 

227 

196 

213 

202 

— 

— 

— 

— 

— 

7 




- ■ 









— 

263 

267 

269 

311 

311 

8 

346 

317 

274 

278 

276 

292 

287 

249 

261 

268 

236 

276 

286 

288 

298 

9 

321 

316 

306 

288 

262 

278 

236 

204 

219 

— 



— 

— 

— 

— 

10 





, 




, 





309 

330 

268 

300 

303 

319 

11 

361 

277 

284 

279 

266 

246 

232 

196 

196 

288 

213 

289 

284 

267 

234 

12 

298 

306 

287 

266 

243 

226 

217 

213 

208 

266 

(266) 

(266) 

267 

273 

279 

13 

292 

293 

292 

316 

311 

324 

320 

298 

282 

260 

266 

261 

279 

271 

277 

14 

1 K 

316 

311 

313 

311 

316 

303 

282 

272 

240 

— 

— 

— 

— 



ID 

16 

311 

319 

314 

324 

343 

342 

374 

303 

348 

298 

389 

373 

274 

200 

221 

17 

314 

300 

297 

290 

286 

297 

302 

274 

272 

193 

193 

277 

— 

— 

— 

18 

— 

— 







. 






— 

260 

348 

366 

319 

332 

19 

318 

293 

276 

326 

366 

1 306 

266 


276 

— 

268 

286 

267_ 

280 




470 



Hourly Values — continued. 


B'— October, 1912. 

2000y (-02 O.G.S. Unit) + 


JA Ji. 10 h. 17 h. 18 h. 19 h. 

y V Y Y y 

351 405 — 484 447 

320 324 337 339 331 

318 342 356 365 350 

321 334 326 340 360 

333 343 346 343 360 

342 366 348 348 340 

324 333 333 363 366 

318 360 376 368 366 


324 309 324 324 328 

363 366 382 386 369 

303 340 363 360 330 

298 311 316 339 381 

361 329 337 367 367 

311 332 360 360 347 

308 327 360 362 350 

314 337 337 340 334 

326 337 344 340 331 

346 350 336 342 331 

329 318 327 340 336 

331 340 342 336 332 

366 377 337 339 339 

337 363 318 340 337 

289 310 339 337 329 

327 340 351 340 360 

311 343 372 369 344 

302 296 363 360 339 

287 337 361 348 360 

327 330 343 329 320 

301 319 320 318 319 


20 h. 21 h. 22 h. 23 24 li. 

y y y y y 

466 — — 398 363 

328 321 319 316 314 

340 339 332 328 321 

367 340 337 331 324 

337 331 329 330 316 

336 340 331 319 318 

366 346 343 330 316 

368 363 327 314 310 


322 343 367 337 296 

364 367 337 339 317 

334 342 340 333 308 

463 373 396 347 368 

344 360 322 329 319 

374 362 332 330 306 

366 340 336 306 301 

336 337 329 308 308 

318 318 318 318 316 

330 327 320 315 311 

330 334 331 311 311 

339 337 320 311 302 

343 319 318 318 318 

333 328 310 311 317 

(334) 34 0 320 308 303 

346 329 310 300 ;«)2 

347 336 324 328 328 

330 343 339 311 308 

347 327 311 311 306 

315 314 311 303 316 

320 314 306 317 310 


Maximum lloaclliig I 

and Time. 


Y 

h. 

in. 

614 

17 

66 

366 

0 

12 

368 

17 

69 

370 

11 

30 

382 

19 

8 

361 

13 

46 

361 

16 

0 

387 

19 

46 

412 

16 

46 

336 

0 

33 

364 

21 

20 

411 

17 

46 

416 

17 

40 

600 

20 

8 

388 

19 

3 

390 

19 

68 

373 

19 

10 

366 

18 

23 

361 

17 

20 

369 

10 

22 

368 

8 

37 

364 

20 

60 

387 

16 

23 

368 

6 

46 

361 

20 

30 

370 

J9 

46 

393 

17 

10 

382 

17 

7 

361 

10 

43 

369 

16 

36 

344 

0 

40 


Minimum Roading 
ami liino. 

y li. m. 

226 9 40 

264 10 19 

234 11 46 

237 9 11 

268 9 7 

298 11 26 

277 6 66 

206 10 20 

190 9 6 

201 8 31 

107 12 10 

184 7 7 

109 11 60 

230 12 41 

23 9 3 

131 8 67 

174 7 37 

209 7 2 

282 10 28 

271 8 40 

268 6 18 

260 3 8 

273 6 47 

256 8 6 

226 9 62 

248 12 47 

232 10 31 

227 9 47 

190 9 66 

262 6 6 

213 10 26 


B' — ^November, 1912. 


280 

308 ■ 

3i7 

367 

388 

363"“ 

362 

366 

'368 

313 

400 

19 

28 

200 

'9 

0 

295 

340 

337 

368 

377 

386 

386 

392 

334 

301 

406 

22 

0 

203 

8 

23 

328 

334 

342 

332 

324 

322 

308 

324 

332 

308 

366 

16 

46 

222 

7 

2 

353 

363 

358 

363 

344 

343 

3.32 

331 

317 

308 

369 

10 

46 

279 

6 

7 

342 

353 

306 

363 

330 

326 

322 

309 

313 

308 

387 

17 

2 

229 

7 

26 

— 




— 

. — . 





— p 

— 

366 

1 

60 

140 

8 

32 

300 

291 

304 

316 

333 

366 

363 

303 

348 

340 

377 

2] 

47 

237 

11 

36 

327 

342 

342 

340 

363 

392 

361 

321 

306 

321 

408 

20 

22 

193 

7 

66 

— 








_ 

— 

— 

329 

0 

0 

160 

7 

22 

333 

370 

322 

316 

406 

436 

424 

360 

292 

361 

473 

19 

22 

232 

11 

0 

260 

279 

311 

337 

363 

424 

366 

333 

367 

298 

448 

19 

38 

142 

8 

26 

298 

328 

363 

361 

332 

329 

329 

324 

302 

292 

369 

17 

33 

166 

8 

6 

297 

322 

337 

337 

324 

324 

311 

308 

308 

316 

368 

6 

20 

136 

8 

62 

— 

— 



— ! 

— 


— 

— — 



330 

6 

61 

226 

8 

20 

— 

— 

336 

328 

337 

322 

326 

317 

313 

311 

361 

18 

33 

298 

23 

26 

293 

368 

360 

330 

367 

336 

390 

334 

303 

314 

603 

10 

63 

142 

7 

10 

— 





— 

Pi—- 

- - 

— 

— 

— 

387 

2 

12 

108 

9 

36 

300 

329 

339 

337 

368 

339 

346 

340 

327 

318 

402 

11 

29 

203 

9 

36 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

406 

3 

36 

132 

7 

36 


471 


2a 4 



Hourly Values — continued. 
— ^February, 1911. 


3000y (0-03 O.Q.S. Unit) + 


X/UJ. 

Oh. 

Ih, 

2h. 

3h. 

4h. 1 

6h. 

Oh. 

7h. 

8h. 

Ob. 1 

10 h. 

11 h. 

12 h. 

13 h. 

14 h. 

1 

2 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

3 

4 

5 

381 

365 

362 

364 

337 

346 

344 

392 

384 

408 

440 

486 

477 

447 

440 

6 

366 

364 

364 

360 

368 

379 

339 

364 

328 

390 

396 

482 

489 

602 

602 

7 

368 

386 

369 

374 

367 

427 

364 

403 

386 

443 

468 

462 

461 

644 

563 

8 

423 

411 

414 

414 

412 

392 

377 

436 

454 

489 

469 

474 

493 

498 

496 

9 

433 

386 

433 

390 

432 

421 

436 

447 

491 

476 

496 

631 

499 

600 

606 

10 

440 

438 

443 

462 

423 

417 

429 

468 

600 

606 

604 

622 

621 

624 

667 

11 

440 

461 

456 

464 

465 

447 

429 

440 

487 

496 

498 

613 

620 

613 

613 

12 

467 

461 

432 

416 

421 

420 

461 

447 

467 

616 

626 

602 

630 

616 

661 

13 

476 

462 

467 

466 

438 

439 

462 

468 

471 

477 

498 

620 

604 

677 

679 

14 

469 

469 

473 

468 

466 

418 

616 

399 

487 

458 

646 

618 

694 

694 

669 

16 

414 

421 

430 

420 









— 

— 

— 

— 

688 

612 

630 

16 

473 

466 

478 

477 

462 

490 

— 

— 

— 



— 

— 

642 

631 

674 

17 

483 

466 

423 

396 

398 

462 

478 

637 

666 

613 

642 

648 

622 

671 

683 

18 

464 

462 

464 

471 

436 

421 

482 

636 

496 

621 

633 

549 

663 

633 

639 

19 

600 

468 

442 

399 

440 

478 

609 

498 

483 

627 

631 

652 

666 

683 

608 

20 

499 

493 

491 

602 

496 

478 

471 

637 

609 

626 

643 

662 

640 

649 

686 

21 

502 

498 

498 

484 

491 

496 

491 

526 

496 

608 

543 

644 

601 

693 

690 

22 

469 

392 

288 

333 

399 

423 

432 

439 

461 

649 

686 

669 

640 

610 

684 

23 

426 

364 

366 

426 

473 

447 

464 

471 

484 

669 

672 

630 

683 

627 

664 

24 

430 

392 

420 

486 

432 

471 

423 

469 

484 

636 

533 

606 

601 

610 

816 

26 

469 

460 

442 

466 

418 

471 

447 

468 

473 

491 

637 

648 

664 

610 

670 

26 

344 

— 

433 

432 

449 

449 

466 

611 

478 

620 

640 

646 

653 

646 

610 

27 

394 

427 

403 

447 

491 

469 

620 

604 

611 

482 

616 

521 

611 

646 

618 

28 

471 

438 

407 

394 

469 

418 

443 

449 

447 

489 

611 

526 

667 

676 

60G 







S'- 

-March, 1911. 







1 

469 

438 

416 

461 

486 

486 

496 

608 

623 

661 

673 

632 

"664 ■ 

‘666 

' 598 

2 

466 

447 

482 

600 

615 

480 

493 

620 

624 

644 

637 

666 

607 

686 

692 

3 

493 

498 

602 

491 

484 

604 

622 

617 

616 

639 

620 

615 

617 

628 

544 

4 

401 

431 

413 

449 

463 

600 

467 

604 

469 

660 

646 

664 

661 

644 

574 

6 

601 

601 

601 

606 

604 

624 

482 

462 

626 

620 

628 

639 

661 

524 

610 

6 

489 

601 

464 

467 

416 

484 

435 

622 

645 

639 

646 

644 

667 

572 

681 

7 

478 

467 

493 

496 

496 

478 

479 

478 

617 

630 

650 

637 

651 

646 

564 

8 

498 

489 

480 

467 

475 

493 

484 

498 

480 

616 

669 

661 

676 

669 

667 

9 

366 

484 

620 

493 

607 

617 

536 

637 

639 

637 

633 

636 

546 

566 

626 

10 

616 

607 

601 

489 

493 

617 

608 

623 

622 

637 

667 

669 

588 

679 

673 

11 

617 

617 

619 

620 

622 

629 

628 

682 

660 

646 

636 

637 

633 

666 

664 

12 

622 

623 

624 

624 

624 

628 

633 

637 

633 

642 

642 

641 

629 

637 

642 

13 

613 

608 

600 

602 

607 

611 

616 

616 

632 

546 

642 

642 

533 

639 

632 

14 

491 

497 

601 

604 

600 

608 

498 

608 

600 

613 

637 

637 

541 

661 

637 

16 

493 

497 

645 

493 

482 

497 

486 

532 

620 

607 

616 

637 

660 

681 

690 

16 

480 

460 

491 

602 

498 

496 

607 

616 

637 

632 

608 

545 

600 

608 

642 

17 

478 

467 

460 

438 

434 

466 

601 

607 

608 

604 

613 

523 

629 

637 

661 

18 

489 

496 

498 

497 

493 

486 

604 

606 

607 

613 

610 

617 

617 

644 

648 

19 

600 

493 

497 

602 

604 

606 

604 

601 

616 

619 

622 

626 

637 

636 

648 

20 

491 

601 

601 

600 

604 

604 

601 

610 

616 

613 

619 

626 

623 

669 

637 

21 

376 

396 

390 

432 

432 

444 

463 

471 

497 

637 

674 

608 

683 

699 

616 

22 

403 

414 

419 

471 

440 

471 

464 

623 

673 

663 

676 

634 

658 

683 

801 

23 

484 

491 

486 

460 

476 

641 

479 

606 

646 

633 

646 

667 

678 

683 

637 

24 

467 

497 

449 

473 

410 

449 

611 

602 

667 

668 

603 

564 

711 

626 

698 

26 

451 

471 

611 

607 

604 

623 

642 

667 

604 

648 

603 

611 

686 

612 

796 

26 

486 

418 

499 

604 

497 

488 

600 

611 

633 

664 

690 

629 

674 

621 

660 

27 

480 

398 

461 

456 

471 

484 

616 

637 

536 

667 

689 

629 

599 

606 

666 

28 

429 

622 

623 

601 

642 

644 

608 

610 

662 

661 

605 

626 

691 

620 

681 

29 

617 

620 

623 

623 

608 

493 

606 

616 

629 

673 

661 

676 

680 

702 

742 

30 

497 

403 

429 

466 

460 

606 

600 

648 

667 

642 

639 

647 

546 

668 

665 

31 

604 

608 

602 

606 

608 

606 

608 

620 

546 

637 

669 

669 

661 

659 

672 


472 



Hourly Values— ccwtiw'Mei. 

— ^February, 1911. 


3000y (-03 C.G.S. Unit) + 


Maximum Reading 
and Time. 
















Hourly Values — continued. 


S— April, 1911. 



3000y (•03 C.as. unit) + 


Oh. 

1 h. 

2 1i. 

31i. 

4h. 

5 h. 

6h. 

7h. 

8h. 

9h. 

10 h. 

11 h. 

12 h. 

13 h. 

14 h. 


7 

7 

7 

7 

7 

7 

7 

7 

7 

V 

y 

Y 

Y 

Y 

Y 

1 

454 

461 

467 

463 

461 

44:1 

427 

425 

464 

486 

478 

498 

486 

479 

476 

2 

458 

446 

461 

467 

440 

434 

464 

468 

486 

493 

600 

615 

515 

673 

602 

3 

467 

467 

436 

427 

438 

426 

46] 

480 

489 

486 

600 

632 

615 

667 

612 

4 

420 

436 

449 

446 

486 

469 

440 

464 

601 

493 

604 

602 

611 

522 

613 

6 

418 

471 

482 

471 

466 

440 

476 

471 

488 

626 

611 

615 

606 

608 

608 

6 

471 

471 

482 

479 

486 

491 

491 

493 

600 

601 

601 

502 

601 

506 

613 

7 

488 

484 

480 

480 

488 

480 

473 

482 

493 

608 

623 

623 

606 

623 

623 

8 

489 

48(5 

488 

479 

475 

466 

467 

491 

498 

600 

632 

613 

628 

667 

637 

9 

463 

469 

438 

482 

478 

471 

602 

497 

471 

666 

595 

696 

670 

642 

880 

10 

370 

473 

633 

628 

623 

520 

624 

636 

606 

622 

623 

570 

642 

616 

603 

11 

608 

493 

432 

467 

496 

622 

620 

630 

629 

604 

652 

618 

709 

641 

626 

12 

613 

613 

497 

616 

610 

617 

610 

623 

626 

628 

616 

641 

629 

560 

664 

13 

434 

427 

498 

469 

401 

468 

462 

486 

498 

— 

— 

— 

— 

— 

— 

14 



— 

— 

— 

— 

— 

— 

— 

519 

624 

516 

523 

616 

628 

16 

497 

493 

600 

601 

601 

607 

607 

606 

607 

610 

510 

608 

608 

615 

622 

16 

600 

501 

604 

606 

601 

600 

601 

602 

610 

617 

602 

624 

529 

669 

677 

17 

449 

348 

390 

383 

366 

442 

466 

482 

620 

666 

637 

620 

664 

662 

625 

18 

491 

445 

482 

600 

484 

462 

497 

624 

626 

654 

641 

660 

613 

637 

651 

19 

297 

473 

468 

461 

486 

471 

611 

600 

623 

646 

662 

643 

695 

664 

699 

20 

431 

493 

608 

493 

507 

482 

607 

486 

637 

639 

668 

686 

627 

648 

617 

21 

441 

493 

608 

607 

608 

602 

630 

60] 

613 

663 

679 

670 

699 

667 

630 

22 

463 

401 

368 

493 

489 

606 

496 

529 

642 

660 

677 

620 

620 

642 

626 

23 

440 

423 

427 

464 

607 

464 

616 

633 

648 

679 

573 

630 

633 

666 

661 

24 

476 

432 

602 

488 

616 

617 

497 

629 

633 

642 

564 

596 

601 

674 

670 

26 

438 

471 

427 

423 

466 

486 

617 

636 

644 

669 

681 

672 

623 

646 

667 

26 

606 

479 

482 

604 

607 

601 

629 

636 

637 

642 

648 

674 

677 

603 

689 

27 

620 

623 

619 

491 

488 

495 

620 

620 

633 

660 

659 

672 

548 

661 

664 

28 

626 

523 

613 

623 

629 

623 

620 

632 

628 

535 

635 

636 

664 

681 

616 

29 

— 

— 

— 

— 

— 

— 

— 

648 

548 

648 

644 

646 

673 

672 

612 

30 

630 

486 

611 

639 

667 

661 

646 

642 

646 

651 

652 

546 

667 

552 

603 







S'- 

-May, 

1911. 







1 

630 

480 

449 

462 

463 

491 

613 

639 

566 

601 

690 

683 

692 

“679“ 

“686'' 

2 

646 

651 

646 

660 

660 

564 

664 

662 

661 

661 

666 

667 

667 

664 

677 

3 

639 

629 

630 

629 

623 

644 

637 

544 

644 

661 

648 

646 

650 

648 

561 

4 

623 

619 

632 

624 

624 

632 

636 

639 

661 

661 

645 

648 

564 

660 

664 

6 

637 

537 

637 

641 

639 

641 

639 

639 

639 

644 

544 

646 

642 

648 

669 

6 

628 

629 

616 

608 

629 

611 

617 

630 

641 

646 

662 

689 

690 

577 

661 

7 

610 

626 

526 

617 

616 

601 

607 

626 

641 

668 

674 

601 

641 

677 

674 

8 

346 

379 

361 

480 

442 

613 

619 

616 

630 

642 

637 

624 

674 

698 

661 

9 

619 

620 

622 

624 

619 

630 

630 

620 

636 

544 

644 

637 

644 

667 

659 

10 

613 

497 

616 

486 

622 

610 

610 

619 

622 

628 

632 

546 

664 

676 

642 

11 

620 

620 

617 

617 

606 

611 

613 

608 

624 

629 

644 

628 

565 

647 

636 

12 

623 

498 

458 

442 

479 

466 

471 

608 

620 

645 

642 

664 

642 

660 

663 

13 

616 

617 

619 

619 

522 

624 

619 

622 

626 

629 

632 

633 

536 

637 

636 

14 

617 

619 

519 

617 

620 

619 

619 

617 

619 

628 

628 

628 

626 

632 

633 

16 

601 

511 

607 

610 

606 

498 

497 

617 

616 

624 

642 

603 

626 

616 

623 

16 

607 

606 

479 

471 

493 

489 

489 

604 

510 

610 

661 

672 

639 

536 

660 

17 

480 

466 

434 

469 

467 

486 

491 

601 

616 

630 

644 

664 

641 

661 

642 

18 

493 

473 

440 

601 

491 

608 

623 

636 

623 

630 

626 

526 

637 

637 

641 

19 

488 

482 

479 

486 

488 

497 

623 

616 

632 

626 

666 

564 

692 

681 

694 

20 

476 

460 

610 

489 

613 

496 

497 

613 

626 

637 

642 

690 

664 

648 

641 

21 

495 

464 

441 

495 

493 

479 

613 

628 

626 

636 

637 

639 

660 

648 

541 

22 

601 

611 

488 

480 

463 

504 

482 

608 

620 

664 

626 

529 

633 

623 

626 

23 

488 

497 

486 

484 

486 

493 

486 

496 

495 

602 

497 

602 

600 

608 

611 

24 

486 

484 

486 

482 

491 

491 

478 

486 

489 

491 

607 

610 

493 

606 

607 

26 

496 

478 

478 

496 

491 

494 

602 

498 

600 

610 

604 

606 

606 

610 

611 

26 

489 

471 

460 

427 

488 

463 

498 

602 

607 

626 

602 

607 

619 

637 

661 

27 

476 

494 

602 

493 

488 

484 

491 

609 

602 

616 

497 

602 

610 

616 

646 

28 

486 

480 

604 

609 

606 

607 

604 

604 

606 

609 

604 

610 

613 

620 

679 

29 

602 

600 

602 

491 

602 

498 

498 

494 

495 

602 

604 

604 

602 

606 

613 

30 

489 

496 

600 

488 

604 

604 

600 

496 

496 

604 

498 

604 

602 

602 

606 

31 

460 

438 

387 

400 

419 

461 

462 

480 

491 

498 

610 

642 

661 

664 

690 


474 



Hourly Values — contimied. 
— April, 1911. 


3000y (0-03 C.G.S. Unit) + 

10 h. I 17 h. I 18 h. I 19 h. | 20 h. I 21 h. | 22 h. | 23 h. | 24 h. 


473 

471 

473 

479 

482 

480 

460 

468 

4:40 

468 

554 

664 

600 

486 

476 

467 

449 

468 

476 

467 

569 

632 

488 

600 

493 

484 

480 

467 

466 

420 

633 

493 

608 

486 

476 

488 

469 

447 

413 

418 

641 

636 

620 

515 

495 

498 

486 

476 

473 

471 

622 

613 

616 

619 

497 

491 

476 

454 

482 

488 

617 

626 

624 

623 

620 

601 

493 

488 

486 

489 

596 

667 

664 

639 

536 

617 

493 

486 

476 

463 

721 

816 

748 

746 

656 

681 

467 

471 

372 

370 

616 

640 

666 

541 

606 

606 

488 

446 

476 

608 

652 

660 

669 

663 

669 

663 

667 

519 

608 

613 

669 

661 

672 

692 

686 

616 

495 

626 

602 

434 

636 

637 

632 

623 

608 

616 

606 

498 

601 

497 

617 

629 

623 

620 

617 

616 

607 

601 

600 

600 

630 

634 

696 

676 

646 

497 

482 

479 

480 

449 

696 

614 

564 

646 

498 

476 

463 

464 

427 

491 

698 

614 

674 

641 

620 

623 

464 

484 

463 

297 

666 

642 

686 

681 

681 

526 

489 

485 

401 

431 

686 

662 

692 

689 

486 

619 

493 

493 

471 

441 

627 

610 

603 

601 

497 

623 

606 

449 

438 

463 

686 

625 

629 

606 

646 

626 

513 

495 

468 

440 

656 

647 

686 

688 

648 

458 

497 

619 

498 

476 

564 

679 

664 

666 

610 

610 

623 

602 

381 

438 

637 

669 

674 

686 

661 

619 

619 

616 

516 

606 

679 

666 

566 

677 

611 

644 

620 

623 

628 

620 

662 

648 

661 

564 

646 

602 

626 

626 

629 

626 

637 

633 

642 

659 

642 

642 

488 




664 

610 

667 

674 

661 

637 

662 

620 

482 

630 

690 

672 

673 

679 

679 

642 

674 

646 

630 

630 


S'. 

—May, 1911. 

689 683 686 674 669 664 652' 

661 

548 

646 

603 606 669 668 676 666 662 

661 

641 

639 

667 664 669 669 646 637 641 

644 

642 

623 

664 661 666 661 661 644 637 

539 

642 

637 

641 633 642 662 666 637 633 

616 

610 

528 

669 665 666 639 633 630 628 

628 

617 

610 

677. 669 646 666 630 601 480 

468 

361 

346 

634 608 606 617 686 660 642 

636 

633 

619 

664 644 666 646 646 639 629 

624 

624 

613 

633 641 630 642 642 637 620 

616 

619. 

620 

672 664 632 628 623 623 623 

626 

524 

623 

692 667 548 670 646 626 622 

611 

616 

616 

532 644 646 630 632 622 616 

606 

617 

617 

642 637 626 626 624 517 602 

493 

491 

601 

643 626 611 688 669 607 467 

493 

602 

607 

647 696 614 608 561 471 429 

466 

493 

480 

660 662 662 670 681 648 620 

616 

491 

493 

696 620 601 664 664 639 493 

608 

486 

488 

683 664 661 676 646 497 623 

626 

616 

476 

676 666 637 626 624 629 480 

611 

510 

495 

681 628 637 632 619 620 608 

436 

608 

601 

624 617 611 606 616 493 493 

493 

489 

488 

604 601 606 604 607 496 488 

486 

486 

486 

601 613 498 617 610 608 498 

493 

491 

496 

616 613 607 606 619 606 604 

610 

602 

489 

622 613 611 604 606 604* 602 

497 

487 

476 

630 646 617 624 620 620 606 

497 

484 

486 

666 661 637 624 619 616 487 

488 

493 

602 

607 611 609 498 611 602 497 

496 

484 

489 

610 613 602 497 498 493 493 

493 

486 

460 

686 673 663 633 489 496 498 

459 

401 

413 


Maximum Iteading 
and Time. 


h. m. 


Minimum Reading 
and Time. 


m 






Hourly Values — contmned. 



476 



























Hotjrly Values — continued. 


S— June, 1911 . 


3000y (0-03 C.G.S. Unit) + 

Maximum Koading 

Minimum Reading 

Ifi h. 

16 h. 

17 h. 

18 h. 

19 h. 

20 h. 

21 h. 

22 h. 

23 h. 

24 h. 

and Time. 

and Time. 

Y 

Y 

Y 

y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

h. m. 

Y 

li. m. 

663 

603 

687 

565 

661 

533 

627 

600 

612 

441 

666 

16 6 

368 

22 36 

569 

662 

633 

618 

614 

4:99 

498 

483 

487 

496 

646 

13 6 

399 

0 20 

631 

666 

634 

612 

503 

500 

496 

496 

496 

499 

696 

16 2 

483 

1 20 

631 

629 

642 

640 

525 

620 

611 

611 

507 

606 

661 

16 62 

490 

3 0 

664 

632 

600 

698 

604 

603 

608 

689 

679 

676 

683 

14 65 

464 

6 0 

667 

680 

666 

663 

641 

642 

686 

472 

470 

633 

626 

11 6 

434 

22 16 

667 

655 

565 

567 

561 

642 

633 

m 

538 

627 

679 

12 46 

480 

6 37 

559 

663 

600 

673 

645 

641 

639 

639 

634 

636 

638 

17 13 

497 

6 8 

642 

661 

661 

667 

646 

639 

638 

636 

633 

639 

680 

16 46 

619 

3 67 

644 

627 

670 

636 

623 

623 

634 

608 

607 

496 

688 

14 20 

430 

19 24 


— 

— 

— 

— 

— 

— 

— 

— 

— 

677 

7 66 

458 

2 28 

677 

677 

627 

640 

607 

666 

, 669 

618 

604 

478 

723 

17 40 

464 

23 26 

684 

684 

616 

683 

619 

656 

661 

476 

464 

488 

663 

16 60 

393 

19 12 

663 

665 

677 

603 

679 

541 

600 

636 

535 

603 

630 

17 46 

419 

3 10 

667 

683 

602 

669 

643 

630 

631 

623 

637 

637 

677 

12 0 

487 

0 33 

669 

661 

659 

543 

663 

643 

629 

492 

526 

631 

689 

16 18 

474 

21 42 

592 

689 

659 

661 

631 

639 

634 

625 

525 

623 

608 

14 47 

480 

r 4 3 

16 1 

649 

647 

646 

646 

642 

639 

634 

630 

522 

526 

669 

13 63 

614 

22 52 

669 

569 

669 

649 

646 

639 

621 

638 

637 

536 

688 

16 49 

608 

21 35 

663 

661 

681 

614 

656 

546 

626 

619 

526 

621 

644 

17 46 

603 

21 30 

569 

672 

576 

669 

667 

641 

626 

629 

480 

464 

695 

11 20 

410 

23 28 

m 

599 

573 

666 

521 

649 

638 

638 

438 

499 

666 

13 33 

403 

22 52 

563 

649 

669 

647 

546 

666 

633 

482 

610 

636 

683 

17 7 

414 

21 37 

655 

546 

546 

538 

641 

634 

534 

636 

616 

622 

644 

13 30 

427 

1 42 

646 

647 

649 

643 

636 

641 

634 

636 

637 

638 

663 

13 42 

621 

2 20 

649 

661 

649 

643 

642 

641 

633 

634 

637 

634 

667 

16 42 

623 

4 68 

646 

643 

647' 

646 

641 

635 

633 

631 

630 

633 

666 

8 62 

621 

20 30 

661 

561 

642 

534 

636 

636 

631 

621 

470 

607 

679 

14 17 

444 

23 a 

672 

692 

696 

661 

639 

631 

622 

496 

482 

518 

620 

16 8 

417 

1 18 

641 

641 

533 

637 

631 

630 

529 

631 

622 

503 

647 

16 6 

491 

23 33 







S'- 

-Jul 

y> 1911. 

646 

669 

673 

612 

679 

1* J 

kiU 

1 488 

606 

478 

644 

17 43 

444 

23 46 

666 

649 

680 

569 

642 

IS3 

E33 



611 

666 

13 66 

342 


663 

646 

659 

676 

566 

661 

646 



617 

706 

20 23 

460 


633 

523 

620 

623 

607 


mm 

Ell 

466 

607 

668 

9 42 

434 


616 

604 

608 

619 

602 


496 

494 

494 

490 

660 

13 66 

468 


618 

524 

614 

606 

606 

498 

490 

488 

490 

494 


16 3 

469 


695 

627 

616 

633 

542 

634 

477 

474 

642 

480 

674 

17 27 

407 

23 30 

628 

663 

671 

647 

603 


wm 


633 

607 

747 

12 34 

281 

2 26 

646 

646 

663 

563 

642 


HI 

E^ 

474 

486 


11 30 

413 

2 16 

671 

676 

654 

631 

637 


499 

612 

499 

486 


16 27 

477 

0 6 

663 

630 

638 

646 

615 

561 

510 

614 

600 

482 


10 67 

423 

0 29 

638 

647 

639 

626 

631 


618 

498 

490 

4,98 

612 

13 56 

429 

19 62 

671 

639 

647 


642 



634 

632 


034 

12 22 

460 

6 3 

663 

669 

697 

676 

667 

626 

635 

619 

616 


631 

17 2 

488 

20 6 

697 

683 

669 

669 

642 

538 

614 

611 

1^ 



14 38 

490 

1 41 

661 

564 

663 

671 

646 

646 

642 

661 

642 

642 

693 

17 63 

604 

3 46 

666 

565 

667 

683 

661 

661 

646 

546 

642 

632 



604 

4 66 

679 

669 

601 

606 

536 

669 

661 




666 

12 36 

498 

4 6 

689 

612 

627 

664 

667 

665 

482 


646 

474 

717 

14 27 

423 

21 29 

676 

600 

677 

684 

523 

667 

666 

667 

Em 


624 

16 42 

472 

0 0 

624 

606 

677 

671 

669 

663 



667 

564 

660 

14 31 

604 

4 8 

640 

692 

671 

676 

669 

663 

646 


666 

660 

654 

15 16 

468 

21 36 

636 

624 

692 

688 

676 

667 

647 

646 

546 

641 

670 

16 20 

484 

2 17 

663 

667 

665 


666 

660 

660 

647 

660 

646 

676 

12 50 

629 

6 65 

663 

663 

663 

660 

660 

660 

649 

649 

549 

663 

577 

13 23 

481 

6 34 

667 

665 

671 

^1 

660 

661 

660 

549 

549 

649 

685 

8 46 

641 

4 6 

663 

666 

554 

660 

660 

mm 

649 


647 

647 

673 

12 38 

627 

6 16 

697 

680 

691 

676 

569 

^3 



484 

645 

622 

16 46 

409 

23 2 

660 

644 

601 

667 

567 

669 

679 



480 

737 

12 2 

396 

1 60 

697 

676 

677 

mi 

669 

569 




646 

648 

13 2 

460 

0 6 

616 

614 

687 

667 

683 

667 

642 

663 

645 


638 

21 16 

447 

4 0 


477 






Hourly Values — continued. 


— ^Augaat, 1911. 


Day. 


















Oh. 

1 h. 

2h. 

Sk 

4h. 

5h. 

0h. 

7h. 

Sbi 

9h. 

10 h. 

11 h. 

12 h. 

13 h. 1 14 h. 1 


y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y. 

y 

y 

1 

531 

637 

530 

643 

631 

626 

629 

633 

631 

648 

566 

637 

664 

667 

563 

2 

615 

636 

636 

532 

626 

632 

633 

636 

641 

648 

64:7 

555 

667 

662 

567 

3 

638 

641 

541 

636 

633 

626 

636 

637 

641 

648 

646 

660 

648 

667 

552 

4 

630 

614 

612 

541 

538 

620 

638 

640 

546 

560 

660 

566 

680 

606 

606 

6 

531 

636 

636 

526 

528 

619 

630 

646 

640 

660 

668 

669 

664 

675 

639 

6 

636 

526 

607 

499 

509 

632 

628 

638 

647 

641 

684 

622 

604 

610 

687 

7 

621 

629 

626 

630 

635 

632 

526 

639 

633 

546 

662 

13 ^ 

660 

552 

564 

8 

631 

633 

630 

626 

626 

628 

630 

633 

630 

638 

638 

638 

643 

641 

643 

9 

626 

528 

629 

526 

622 

526 

632 

630 

640 

641 

637 

647 

638 

641 

660 

10 

628 

628 

626 

629 

629 

620 

632 

631 

636 

639 

639 

541 

543 

646 

646 

11 

616 

621 

630 

536 

639 

636 

639 

638 

636 

641 

641 

648 

647 

664 

566 

12 

528 

631 

638 

524 

536 

632 

631 

629 

632' 

546 

646 

660 

643 

643 

643 

13 

632 

631 

629 

631 

631 

631 

631 

632 

636 

640 

647 

646 

643 

640 

643 

14 

614 

624 

636 

630 

640 

526 

636 

639 

639 

636 

639 

643 

647 

(663) 

668 

15 

602 

628 

629 

636 

630 

623 

623 

631 

640 

641 

648 

660 


646 

643 

16 

626 

613 

616 

613 

614 

614 

632 

640 

646 

647 

647 

664 

667 


616 

17 

512 

512 

637 

639 

529 

637 

643 

623 

641 

639 

638 

638 

663 

670 


18 

629 

605 

612 

632 

629 

640 

637 

638 

636 

643 

646 

668 

667 

697 

684 

19 

629 

616 

526 

526 

629 

629 

630 

639 

636 

646 

641 

643 

648 

662 

543 

20 

628 

612 

612 

612 

602 

488 

615 

643 

632 

660 

689 

614 

664 

647 

667 

21 

628 

628 

620 

605 

619 

633 

536 

638 

636 

641 

646 

648 

656 

669 

663 

22 

631 

626 

628 

631 

636 

638 

641 

639 

639 

641 , 

643 

547 

653 

660 

648 

23 

636 

636 

636 

630 

530 

631 

638 

637 

638 

640 

541 

660 

646 

553 

546 

24 

606 

483 

481 

337 

406 

606 

636 

616 

635 

667 

668 

666 


mmU 

648 

25 

460 

468 

613 

492 

600 

600 

616 

636 

641 

637 

660 


677 


662 

26 

494 

468 

607 

609 

609 

607 

611 

632 

646 

660 

666 

687 

591 

669 


27 

636 

622 

487 

480 

607 

607 

496 

613 

647 

660 

660 

671 

663 

688 

647 

28 

616 

602 

473 

499 

606 

606 

529 

629 

560 

643 

648 

686 

'676 

686 

690 

29 

620 

622 

609 

609 

497 

497 

612 

620 

641 

666 

647 

662 

646 

643 

666 

30 

602 

616 

613 

620 

613 

630 

636 

632 

637 

643 

647 

653 

663 

674 

686 

31 

616 

621 

626 

623 

616 

516 

613 

526 

633 

646 

645 

667 

648 

662 

640 



478 












Hourly Values — continued. 

S' — ^August, 1911. 

3000y (0-03 C.G.S. Unit) + ] Maximum Reading I Miiiiinum Reading 


1 5 h. 16 17 h. 18 li. 19 h.- 20 h. 21 h. 22 h. | 

y y y y y y y y 

667 569 564 562 654 636 639 643 

667 669 667 660 665 660 632 629 

662 667 682 574 664 631 461 609 

691 603 616 696 648 641 616 497 

618 674 643 643 638 639 630 620 

618 673 666 548 646 636 633 638 

582 660 648 666 633 624 526 528 

640 641 663 646 640 633 636 630 

638 643 633 630 633 632 629 631 

646 646 548 543 632 623 624 606 

666 640 637 632 633 636 631 632 

641 641 639 639 639 631 626 629 

666 676 682 679 667 628 606 632 

647 564 667 662 666 660 643 633 

650 568 666 664 641 646 636 628 

611 606 618 608 676 641 496 614 

684 666 643 543 636 639 626 621 

674 667 646 660 643 640 636 629 

648 663 550 660 648 640 636 629 

660 674 643 541 616 498 621 622 

660 650 667 660 641 623 633 532 

560 548 643 637 639 631 628 630 

560 648 646 636 636 621 611 496 

606 642 663 676 687 647 616 628 

642 679 663 664 638 646 660 630 

684 682 671 663 646 626 626 466 

591 667 667 673 654 629 620 497 

601 676 667 646 621 628 626 632 

646 648 666 636 637 623 624 629 

670 667 662 667 536 640 623 602 

543 666 660 666 660 621 492 613 


23 h 24 li Time. and Time. 

y y y li. m. y h. m. 

621 615 584 16 40 603 23 8 

636 638 684 16 32 611 0 0 

521 630 691 17 14 416 21 20 

631 631 641 13 18 476 21 30 

637 636 687 13 66 606 21 67 

633 621 667 16 6 477 2 66 

631 631 698 14 43 603 20 6 

632 626 671 17 28 621 2 48 

631 628 666 10 67 616 3 54 

617 616 656 16 57 498 22 20 

626 628 671 12 68 612 0 1 

630 632 660 10 60 623 20 40 

623 614 691 16 38 466 21 6 

631 602 679 16 30 462 23 64 

630 626 677 17 42 470 0 0 

620 612 628 16 67 470 21 7 

631 629 611 14 10 494 6 66 

626 629 606 12 42 463 1 30 

629 628 662 13 12 606 1 10 

628 628 627 11 20 446 6 6 

633 631 682 13 8 497 2 47 

628 636 660 12 6 613 20 46 

463 606 664 16 23 434 22 67 

497 460 710 11 16 266 3 6 

440 494 696 14 17 402 22 62 

540 636 642 12 2 430 21 23 

444 616 708 13 69 406 23 4 

526 620 626 14 24 442 2 5 

619 602 696 14 2 469 4 46 

602 616 623 14 26 473 22 34 

604 1 606 682 10 60 387 20 26 


S' — September, 1911. 


567 

573 

666 

647 

637 

639 

526 

632 

630 

629 

607 

11 

30 

449 

2 

42 

648 

643 

643 

546 

610 

633 

624 

622 

621 

619 

562 

9 

8 

611 

6 

12 

647 

558 

646 

538 

626 

526 

628 

629 

629 

628 

575 

16 

48 

492 

3 

42 

633 

630 

529 

530 

631 

531 

532 

636 

632 

532 

647 

12 

46 

624 

4 

7 

550 

548 

641 

532 

536 

611 

482 

620 

630 

632 

667 

11 

62 

466 

21 

7 

536 

636 

637 

637 

539 

529 

530 

629 

626 

614 

666 

10 

0 

496 

2 

22 

647 

663 

674 

671 

643 

641 

63 L 

628 

486 

616 

590 

17 

7 

462 

22 

60 

660 

550 

554 

648 

533 

635 

631 

602 

606 

620 

676 

13 

22 

486 

22 

4.0 

562 

662 

652 

643 

646 

630 

620 

626 

526 

628 

671 

14 

17 

6(M) 

5 

22 

611 

604 

671 

660 

546 

632 

629 

604 

486 

486 

644 

15 

17 

476 

23 

14 

663 

667 

560 

663 

640 

646 

509 

616 

623 

617 

589 

11 

40 

468 

0 

38 

694 

603 

698 

660 

629 

628 

536 

628 

531 

480 

629 

16 

38 

419 

0 

66 

667 

613 

606 

572 

648 

647 

641 

442 

521 

506 

650 

16 

17 

3B7 

21 

66 

554 

673 

690 

687 

568 

663 

631 

632 

633 

631 

620 

17 

35 

464 

1 

16 

676 

676 

690 

667 

550 

638 

636 

641 

637 

614 

610 

17 

6 

621 

2 

64 

606 

606 

691 

676 

660 

529 

486 

498 

616 

466 

644 

14 

16 

466 

21 

0 

678 





— 







— 

— 

633 

13 

11 

371 

0 

36 





663 

543 

643 

539 




— 

— 

662 

16 

13 

630 

20 

38 

669 

— 

— 

641 

638 

— 

640 

640 

637 

636 

684 

14 

42 

631 

19 

18 

768 

778 

696 

622 

609 

602 

633 

439 

464 

611 

846 

16 

18 

406 

22 

0 

680 

671 

662 

690 

664 

640 

492 

600 

624 

638 

688 

11 

36 

468 

3 

19 

686 

644 

669 

642 

645 

562 

630 

441 

492 

643 

731 

17 

12 

369 

3 

40 

648 

626 

579 

697 

673 

647 

663 

640 

631 

630 

664 

12 

0 

483 

5 

36 

681 

678 

667 

667 

664 

548 

639 

540 

630 

616 

618 

18 

36 

471 

3 

26 

670 

667 

667 

666 

647. 

643 

641 

639 

632 

636 

693 

12 

66 

492 

0 

26 

667 

669 

569 

662 

660 

664 

646 

637 

641 

546 

687 

14 

42 

620 

5 

32 

684 

584 

660 

653 

541 

637 

631 

617 

619 

600 

668 

13 

26 

603 

21 

43 

667 

670- 

665 

660 

663 

647 

638 

631 

540 

641 

606 

12 

22 

479 

0 

46 

689 

681 

670 

564 

647 

646 

640 

641 

637 

632 

603 

14 

36 

521 

7 

60 

— 

— 

— 

— 

— 

— 

— 

532 

633 

631 

564 

8 

22 

607 

5 

30 


479 



Houbly Values — continued. 
S'— October, 1911. 


3000y(0-03 O.Q.S. Unit) + 


iJay. 

Ob. 1 

1 h. 

2 h. 

:)h. 

4h. 

6h. 1 

6h. 

7h. 1 

8h. 1 

Oh. 1 

10 h. 

11 h. 

12 h. 

13 h. 

14 h. 


y 

y 

y 

y 

y 

y 

Y 

y 

Y 

Y 

y 

Y 

Y 

Y 


1 

631 

626 

628 

629 

628 

637 

637 

646 

637 

539 

660 

665 

667 

663 


2 

636 

636 

633 

636 

636 

638 

641 

636 

638 

646 

646 

648 

666 

648 


3 

623 

496 

460 

462 

606 

626 

633 

647 

640 

664 

660 

665 

672 

681 


i 

633 

631 

631 

628 

626 

620 

626 

526 

640 

663 

667 

662 

660 

663 


6 

628 

631 

628 

623 

623 

636 

632 

639 

643 

660 

565 

674 

678 

671 


6 

613 

630 

626 

631 

630 

636 

637 

636 

541 

645 

666 

668 

678 

668 


7 

607 

602 

496 

497 

619 

624 

639 

664 

553 

656 

660 

668 

682 

663 


8 

623 

614 

506 

498 

473 

622 

631 

636 

666 

662 

668 

676 

691 

608 


9 

617 

477 

486 

536 

643 

646 

660 

660 

560 

646 

669 

680 

693 

610 


]0 

609 

488 

492 

620 

602 

621 

640 

564 

666 

555 

672 

665 

679 

584 


11 

620 

482 

600 

498 

489 

480 

606 

619 

638 

694 

618 

686 

707 

729 


12 

641 

539 

640 

640 

629 

643 

643 

679 

590 

684 

682 

648 

645 

603 


13 

643 

638 

637 

637 

639 

624 

621 

672 

676 

860 

636 

660 

671 

663 


14 

635 

636 

633 

624 

631 

646 

666 

562 

664 

668 

660 

682 

670 

606 


16 

638 

637 

633 

633 

606 

630 

660 

672 

668 

633 

666 

679 

696 

667 


16 

646 

646 

643 

543 

639 

641 

643 

633 

662 

660 

664 

668 

662 

669 

664 

MM 

492 

463 

514 

626 

609 

526 

533 

660 

663 

660 

667 

567 

699 

673 



464 

465 

442 

467 

626 

498 

628 

636 

581 

673 

667 

676 

693 

696 


MM 

492 

529 

492 

513 

606 

602 

664 

497 

631 

664 

673 

693 

566 

682 


20 

439 

483 

490 

489 

496 

641 

643 

640 

639 

658 

664 

672 

663 

677 


21 

622 

488 

488 

478 

486 

643 

660 

648 

667 

667 

660 

673 

693 

622 


22 

628 

612 

609 

602 

640 

640 

619 

533 

640 

667 

670 

676 

591 

611 


23 

640 

632 

614 

607 

626 

612 

609 

633 

660 

668 

667 

663 

667 

670 


24 

623 

630 

630 

522 

626 

621 

617 

629 

664 

667 

672 

663 

667 

677 


26 

604 

621 

624 

604 

639 

663 

643 

638 

640 

637 

669 

601 

618 

676 


26 

636 

636 

636 

628 

526 

614 

643 

606 

616 

687 

646 

663 

663 

673 


27 

633 

621 

628 

622 

624 

632 

646 

646 

646 

667 

668 

671 

667 

678 


28 

630 

632 

629 

628 

630 

624 

626 

646 

667 

667 

674 

641 

670 

670 


29 

633 

632 

632 

629 

632 

636 

645 

647 

630 

639 

668 

673 

669 

■ 670 


30 

620 

522 

600 

611 

639 

630 

600 

609 

632 

660 

660 

666 

647 

568 


31 

637 

633 

637 

632 

628 

617 

631 

630 

629 

660 

663 

672 

684 

588 







S 

— ^November, 

1911. 







. 1 

629 

626 

636 

640 

646 

641 

643 

638 

646 

660 

687 

“69^ 

696 

"58^ 

669 

2 

630 

536 

539 

633 

632 

633 

662 

662 

677 

680 

672 

680 

684 

687 

698 

3 

626 

628 

631 

628 

617 

639 

663 

682 

596 

666 

' 663 

660 

581 

633 

618 

4 

617 

514 

476 

460 

463 

646 

479 

492 

516 

666 

643 

682 

676 

626 

623 

6 

619 

632 

619 

630 

633 

622 

640 

636 

666 

667 

678 

678 

608 

699 

613 

6 

622 

494 

447 

494 

607 

619 

631 

636 

646 

660 

671 

674 

681 

605 

589 

7 

622 

626 

633 

640 

636 

643 

646 

564 

543 

671 

678 

; 691 

677 

697 

689 

8 

622 

621 

623 

637 

636 

632 

636 

660 

662 

670 

662 

1 667 

660 

667 

677 

9 

635 

626 

498 

478 

499 

626 

637 

620 

486 

602 

643 

684 

639 

601 

649 

10 

617 

616 

616 

617 

486 

619 

667 

666 

602 

648 

624 

667 

644 

633 

697 

11 

620 

616 

620 

616 

616 

607 

497 

621 

657 

669 

671 

660 

660 

660 

670 

12 

633 

633 

636 

633 

628 

529 

633 

611 

640 

647 

667 

672 

584 

618 

687 

13 

636 

637 

636 

630 

616 

609 

637 

606 

680 

667 

676 

664 

606 

694 

608 

14 

460 

431 

476 

441 

497 

600 

486 

631 

626 

667 

698 

630 

670 

632 

696 

16 

349 

448 

463 

464 

479 

660 

667 

695 

606 

684 

667 

681 

623 

644 

613 

16 

613 

487 

463 

464 

628 

632 

607 

499 

499 

622 

667 

697 

693 

595 

696 

17 

624 

613 

616 

631 

636 

496 

638 

663 

666 

562 

572 

688 

611 

697 

604 

18 

636 

612 

620 

626 

496 

490 

628 

641 

666 

677 

663 

673 

662 

679 

663 

19 

631 

632 

606 

622 

526 

638 

632 

532 

632 

641 

646 

656 

669 

671 

667 

20 

640 

631 

614 

616 

609 

609 

468 

630 

630 

631 

563 

641 

660 

633 

628 

21 

617 

612 

617 

609 

492 

623 

623 

670 

662 

526 

629 

617 

691 

584 

673 

22 

612 

620 

617 

606 

498 

600 

611 

646 

600 

630 

660 

630 

641 

646 

663 

23 

631 

624 

619 

621 

619 

606 

623 

633 

643 

643 

648 

646 

566 

664 

672 

24 

628 

621 

621 

681 

633 

528 

633 

629 

632 

628 

629 

646 

632 

666 

680 

26 

626 

626 

620 

616 

613 

629 

612 

626 

660 

529 

639 

660 

666 

660 

664 

26 

621 

616 

617 

606 

606 

612 

617 

631 

666 

664 

681 

673 

684 

591 

606 

27 

628 

630 

632 

630 

626 

530 

643 

663 

660 

670 

684 

664 

693 

689 

591 

28 

636 

630 

623 

624 

622 

616 

638 

567 

660 

660 

628 

660 

660 

680 

680 

29 

637 

628 

620 

616 

629 

631 

632 

641 

636 

641 

546 

670 

677 

681 

696 

30 

638 

620 

482 

463 

497 

1 619 

643 

480 

629 

674 

687 

' 680 

690 

601 

618 


480 




Houbly Values — contmvM. 


— October, 1^1. 


3000y (0-03 O.G.S. Unit) + | 

Maximum Beading 
and Time. 

Minimum Reading 
and Time. 

16 h. 

la h. 

17 h. 

18 h. 

19 h. 

20 h. 

21 h. 

22 h. 

22 li. 

24 h. 

r 

y 

7 

V 

7 

y 

y 

y 

7 

7 

y 

h. 

m. 

7 

li. 

m. 

652 

548 

546 

660 

641 

530 

636 

635 

536 

636 

666 

11 

47 

622 

1 

29 

663 

656 

638 

648 

540 

646 

507 

471 

628 

523 

573 

16 

13 

421 

21 

28 

569 

668 

553 

646 

638 

521 

631 

629 

631 

633 

693 

12 

55 

441 

2 

3 

572 

578 

682 

647 

532 

535 

628 

528 

632 

628 

594 

16 

42 

613 

5 

3 

665 

560 

663 

636 

632 

537 

528 

626 

611 

613 

589 

13 

23 

497 

22 

66 

639 

639 

646 

666 

660 

639 

633 

633 

607 

607 

696 

12 

8 

496 

23 

8 

564 

684 

696 

621 

678 

671 

631 

623 

524 

623 

634 

17 

66 

487 

1 

49 

625 

632 

626 

684 

668 

639 

626 

611 

478 

617 

644 

16 

34 

468 

3 

45 

633 

618 

626 

616 

688 

653 

629 

628 

609 

609 

664 

14 

27 

460 

1 

7 

688 

608 

699 

676 

667 

660 

646 

623 

631 

620 

630 

16 

13 

468 

1 

9 

768 

761 

687 

734 

637 

601 

660 

630 

632 

641 

786 

17 

38 

466 

4 

45 

667 

643 

636 

643 

643 

646 

639 

638 

640 

543 

634 

13 

10 

603 

11 

69 

690 

678 

686 

676 

547 

643 

636 

630 

633 

636 

626 

14 

30 

600 

6 

2 

560 

664 

666 

660 

536 

643 

530 

628 

637 

638 

626 

13 

11 

491 

6 

23 

610 

638 

616 

562 

576 

650 

640 

630 

640 

646 

676 

13 

8 

494 

4 

7 

670 

663 

662 

641 

631 

641 

623 

636 

643 

492 

682 

14 

34 

492 

24 

0 

594. 

611 

621 

618 

696 

662 

646 

423 

496 

464 

639 

12 

17 

338 

21 

49 

612 

677 

611 

620 

688 

667 

611 

410 

496 

492 

667 

14 

26 

316 

21 

60 

579 

596 

698 

682 

690 

640 

631 

616 

607 

439 

642 

11 

8 

426 

24 

0 

587 

680 

676 

672 

667 

631 

640 

626 

628 

622 

620 

13 

41 

408 

0 

7 

696 

689 

686 

670 

669 

666 

633 

497 

637 

628 

642 

13 

46 

462 

2 

40 

596 

621 

601 

673 

656 

646 

637 

628 

636 

640 

637 

16 

47 

476 

3 

2 

580 

687 

684 

677 

672 

666 

643 

499 

489 

623 

603 

16 

28 

477 

22 

43 

675 

669 

676 

671 

643 

617 

492 

612 

646 

604 

699 

13 

67 

429 

23 

20 

684: 

664 

662 

636 

631 

626 

632 

636 

636 

636 

720 

13 

7 

496 

3 

12 

573 

662 

660 

643 

639 

636 

636 

639 

641 

633 

620 

9 

28 

463 

7 

14 

667 

660 

666 

646 

629 

631 

638 

621 

632 

630 

687 

13 

1 

503 

0 

30 

574 

669 

660 

648 

663 

648 

641 

636 

636 

633 

696 

9 

46 

602 

6 

36 

572 

671 

670 

660 

648 

637 

629 

628 

621 

620 

693 

16 

40 

497 

7 

41 

679 

668 

647 

648 

643 

637 

636 

637 

633 

637 

690 

10 

37 

460 

6 

36 

679 

684 

663 

667 

667 

640 

626 

624 

636 

629 

606 

14 

33 

602 

6 

20 


S' — ^November, 1911. 


571 

667 

670 

669 

674 

667 

638 

640 

636 

630 

604 

12 10 

616 

7 43 

696 

699 

670 

667 

660 

660 

630 

616 

626 

626 

614 

16 62 

611 

22 34 

642 

640 

646 

603 

684 

666 

622 

626 

623 

617 

664 

16 38 

488 

.3 43 

636 

642 

616 

698 

672 

679 

641 

640 

495 

619 

668 

16 .32 

432 

2 63 

639 

621 

610 

697 

674 

633 

646 

492 

613 

622 

647 

16 11 

468 

21 60 

696 

613 

614 

677 

647 

643 

611 

636 

638 

622 

634 

16 15 

417 

2 0 

596 

612 

699 

584 

668 

648 

641 

643 

633 

622 

619 

16 6 

620 

6 67 

688 

680 

676 

679 

666 

646 

643 

630 

638 

636 

696 

14 46 

612 

1 42 

717 

676 

627 

678 

638 

636 

632 

624 

623 

617 

764 

16 19 

440 

3 32 

688 

606 

566 

643 

616 

629 

626 

602 

621 

620 

722 

12 48 

442 

3 60 

671 

670 

667 

646 

646 

640 

638 

636 

631 

633 

682 

14 32 

478 

6 7 

694 

677 

667 

668 

640 

641 

643 

628 

633 

636 

660 

13 4 

401 

7 26 

648 

664 

626 

694 

686 

680 

630 

472 

498 

460 

676 

16 64 

421 

23 33 

741 

620 

614 

662 

643 

641 

632 

497 

486 

349 

790 

14 68 

319 

23 47 

631 

612 

689 

667 

684 

588 

647 

633 

620 

613 

669 

12 39 

327 

0 1 

610 

696 

689 

669 

664 

665 

624 

498 

632 

524 

644 

11 26 

444 

2 68 

604 

694 

660 

653 

680 

660 

667 

606 

636 

636 

646 

16 23 

466 

21 48 

662 

667 

667 

654 

543 

640 

631 

626 

626 

631 

692 

11 26 

468 

6 2 

667 

667 

666 

647 

646 

641 

632 

632 

628 

635 

686 

12 67 

497 

1 67 

646 

577 

618 

693 

667 

626 

614 

632 

614 

607 

681 

9 61 

446 

6 4 

667 

668 

667 

677 

671 

662 

664 

492 

631 

612 

621 

12 10 

466 

21 60 

679 

694 

679 

667 

643 

636 

629 

631 

6.36 

631 

608 

16 64 

470 

4 17 

678 

670 

662 

667 

666 

643 

622 

623 

629 

628 

682 

16 23 

486 

6 21 

688 

687 

662 

663 

643 

629 

611 

614 

622 

526 

614 

16 20 

606 

21 12 

663 

660 

560 

543 

636 

630 

626 

622 

609 

621 

576 

13 66 

600 

22 62 

626 

622 

610 

697 

672 

641 

624 

617 

621 

628 

640 

16 14 

490 

2 68 

691 

612 

684 

667 

666 

562 

640 

630 

626 

636 

626 

13 32 

602 

4 10 

601 

625 

614 

626 

674 

667 

648 

640 

637 

637 

639 

17 60 

494 

4 48 

614 

699 

688 

673 

668 

662 

648 

633 

636 

638 

626 

16 12 

612 

7 38 

613 

618 

618 

688 

667 

648 

662 

628 

639 

633 

636 

14 2 

463 

2 66 


481 
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Hourly Values — continued. 


S' — ^December, 1911. 
soooy (0-03 O.G.S. Unit) + 



Pa 


MS3 

1 411. 

61l 



8h. 

91i. 

10 h. 

11 h. 

12 h. 

13 h. 

14 h. 

B 

n 

n 

B 

mm 

Y 

n 

En 

n 

y 

y 

Y 

y 

y 

y 

633 

631 

614 

600 

497 

622 

660 

556 

679 

671 

564 

686 

627 

696 

601 

641 

512 

497 

643 

619 

509 

640 

658 

673 

694 

694 

596 

682 

612 

618 

556 

647 

546 

664 

660 

553 

660 

664 

655 

607 

546 

697 

667 

697 

599 

535 

639 

616 

620 

607 

488 

609 

641 

670 

663 

637 

620 

696 

607 

601 

543 

645 

643 

643 

640 

639 

548 

646 

673 

684 

693 

584 

581 

670 

573 

533 

641 

648 

637 

660 

622 

564 

672 

668 

666 

684 

571 

691 

608 

627 

516 

600 

485 

498 

489 

439 

437 

478 

560 

573 

612 

639 

680 

630 

681 

538 

641 

536 

631 

626 

623 

620 

636 

637 

663 

640 

666 

662 

678 

694 

538 

638 

641 

637 

630 

628 

639 

639 

667 

632 

564 

669 

670 

579 

670 

543 

646 

546 

641 

541 

641 

660 

663 

660 

660 

562 

666 

570 

671 

580 

528 

633 

631 

628 

616 

630 

526 

662 

660 

552 

621 

667 

664 

618 

617 

609 

422 

412 

420 

461 

498 

477 

616 

667 

564 

672 

690 

614 

640 

647 

64:3 

645 

641 

660 

646 

638. 

636 

643 

664 

646 

660 

584 

689 

604 

605 

626 

540 

647 

648 

643 

654 

636 

658 

643 

638 

646 

664 

689 

696 

620 

604 

602 

646 

626 

616 

632 

563 

608 

623 

601 

611 

616 

621 

631 

631 

640 

646 

643 

631 

528 

626 

680 

567 

664 

689 

601 

604 

618 

608 

628 

631 

630 

541 

546 

631 

626 

611 

609 

609 

654 

662 

673 

684 

684 

680 

620 

487 

602 

489 

619 

494 

494 

612 

687 

637 

662 

660 

623 

647 

708 

660 

646 

536 

636 

619 

600 

606 

693 

588 

670 

664 

660 

667 

603 

608 

631 

639 

641 

626 

622 

612 

476 

496 

487 

477 

602 

622 

638 

660 

682 

647 

643 

636 

620 

612 

628 

617 

605 

483 

477 

617 

626 

664 

696 

630 

632 

637 

643 

636 

'619 

602 

606 

606 

547 

656 

660 

673 

679 

663 

670 

648 

646 

638 

637 

629 

637 

637 

619 

483 

604 

640 

647 

563 

572 

637 

645 

643 

646 

641 

633 

636 

607 

613 

605 

489 

609 

664 

667 

562 

688 

631 

640 

528 

619 

628 

632 

660 

643 

667 

665 

696 

696 

603 

696 

691 

617 

636 

615 

471 

461 

616 

636 

478 

693 

693 

604 

606 

608 

628 

630 

498 

614 

486 

487 

494 

492 

641 

691 

535 

645 

662 

663 

680 

676 

664 

629 

629 

628 

626 

609 

494 

652 

630 

632 

603 

696 

684 

689 

664 

702 

638 

630 

620 

623 

614 

629 

529 

633 

609 

670 

666 

687 

601 

687 

688 

638 

643 

635 

636 

637 

543 

636 

641 

666 

682 

687 

686 

689 

581 

678 

630 

J504 

496 

516 

623 

630 

663 

621 

689 

626 

643 

629 

623 

669 

712 








Hourly Values — conMnued. 

S' — ^December, 1911. 

3000y (0-03 C.a.S. unit) + I MnviT,. 


17 h. 

18 h. 

19 h. 

20 h. 





y 

y 

y 

y 

569 

664 

653 

653 

606 

697 

690 

691 

671 

629 

688 

670 

681 

684 

681 

680 

689 

681 

679 

672 

697 

680 

573 

660 

678 

672 

666 

648 

601 

667 

660 

562 

682 

680 

667 

666 

684 

663 

546 

639 

771 

721 

647 

560 

648 

608 

688 

569 

636 

620 

601 

691 

638 

623 

606 

697 

605 

603 

586 

667 

682 

676 

677 

673 

618 

612 

696 

693 

601 

689 

676 

646 

601 

664 

658 

671 

690 

693 

672 

684 

620 

603 

678 

643 

581 

678 

647 

639 

630 

■ 639 

610 

674 

677 

677 

684 

682 

679 

667 

648 

682 

60S 

603 

697 

670 

606 

691 

680 

670 

698 

660 

660 

662 

606 

601 

677 

606 

604 

612 

696 

694 

710 

693 

636 

621 


Maximum Reading Minimnm Reading 
and Xime. and Time. 


V y 

6d0 541 
560 556 

639 636 
660 643 

640 633 
614 616 

637 638 

647 638 
643 643 
636 628 
623 609 
631 643 

639 626 
541 604 

641 640 

640 631 
623 620 

647 660 
616 631 
646 647 
660 632 
664 648 

639 646 
635 631 

648 617 
622 498 

638 829 

640 638 
630 638 
633 630 
638 623 


676 

674' 

648 

646 

666 

663 

673 

562 

606 

682 

603 

666 

606 

684 

676 

569 

604 

562 

549 

642 

606 

614 

671 

581 

662 

673 

672 

609 

621 

682 

672 

582 

612 

606 

593 

583 

671 

676 

664 

664 

641 

634 

617 

676 

647 

631 

627 

687 

621 

634 

667 

684 

667 

569 

664 

676 

666 

663 

667 

663 

684 

673 

662 

666 

678 

672 

669 

667 

610 

676 

614 

606 

689 

612 

606 

671 

646 

676 

678 

584 

688 

674 

664 

666 

666 

641 

612 

696 

586 

584 

679 

661 

623 

691 

672 

663 

686 

666 

669 

682 

682 

681 

562 

656 

690 

686 

686 

681 

696 

689 

679 

680 

604 

683 

669 

661 

606 

688 

684 

569 

572 

669 

666 

669 


Sj-^anuary, 


644 

662 

646 

623 

663 

642 

633 

646 

649 

632 

647 

669 

664 

637 

632 

667 

669 

652 

649 

627 

662 

669 

626 

664 

663 

669 

636 

644 

645 

673 

664 

665 

629 

649 

691 

693 

650 

646 

660 

671 

671 

566 

660 

667 

629 

679 

669 

649 

662 

646 

669 

666 

647 

648 

661 

666 

626 

494 

480 

707 

671 

536 

606 

606 

766 

640 

637 

626 

632 

643 

566 

566 

666 

620 

666 

644 

646 

646 

639 

617 

682 

621 

490 

604 

698 

656 

667 

646 

616 

698 

666 

647 

647 

638 

632 

669 

641 

646 

646 

616 

669 

569 

660 

645 

623 

664 

631 

666 

622 

692 

644 

632 

644 

647 

632 

566 

667 

641 

614 

632 

671 

660 

660 

544 

639 

569 

669 

666 

656 

619 

669 

666 

666 

662 

605 

663 

667 

664 

648 

639 

660 

635 1 

638 

646 

612 

669 

674 

662 

631 

616 

554 

660 

648 

639 

622 






Houely Values — continued. 


S' — ^February, 1912. 


Day. 






3000y (0-03 0.a.S. Unit) + 






0 h. 

Ih. 

2h. 

3 h. 

41i. 

5 li. 


7 h. 

8 h. 

Oh. 

10 h. 

11 h. 

12 h. 

13 1). 

14 lu 


y 

y 

Y 

Y 

Y 

Y 

V 

Y 

y 

Y 

Y 

Y 

Y 

Y 

y 

1 

549 

646 

546 

646 

646 

649 

561 

637 

529 

546 

555 

573 

592 

504 

600 

2 

666 

563 

662 

662 

660 

668 

560 

569 

663 

693 

646 

569 

675 

590 

609 

3 

646 

666 

669 

663 

676 

652 

676 

576 

668 

681 

607 

602 

611 

019 

634 

4 

600 

606 

696 

604 

683 

605 

669 

621 

603 

617 

617 

679 

(693) 

607 

624 

6 

661 

658 

638 

636 

64:9 

6D6 

678 

686 

616 

630 

638 

668 

676 

000 

604 

6 

666 

666 

664 

664 

664 

566 

668 

666 

569 

590 

604 

618 

609 

600 

688 

7 

563 

663 

664 

669 

664 

669 

670 

586 

585 

602 

583 

680 

588 

588 

696 

8 

666 

664 

666 

639 

647 

632 

637 

576 

522 

637 

666 

671 

604 

031 

637 

9 

645 

642 

643 

640 

637 

668 

564 

662 

678 

568 

664 

580 

587 

617 

020 

]0 

566 

566 

654 

656 

658 

661 

609 

678 

578 

662 

566 

678 

689 

670 

621 

11 

627 

467 

486 

498 

613 

637 

637 

636 

653 

634 

660 

686 

619 

646 

681 

12 

636 

636 

608 

630 

649 

636 

646 

671 

607 

559 

598 

607 

007 

686 

624 

13 

668 

549 

664 

639 

488 

489 

619 

630 

626 

653 

685 

604 

673 

580 

57G 

14 

526 

642 

630 

627 

630 

606 

498 

506 

508 

669 

r)()0 

585 

5G0 

686 

594 

10 

666 

536 

638 

625 

640 

526 

619 

638 

678 

556 

558 

673 

583 

GOO 

013 

16 

636 

643 

537 

540 

542 

647 

649 

068 

644 

668 

677 

573 

676 

676 

580 

17 

649 

647 

630 

632 

637 

rm 

661 

644 

578 

671 

593 

617 

630 

634 

(i70 

18 

644 

546 

647 

647 

644 

637 

598 

662 

512 

683 

509 

578 

590 

012 

639 

19 

649 

661 

643 

651 

643 

640 

549 

644 

573 

671 

5GG 

670 

673 

560 

579 

20 

616 

612 

626 

619 

632 

622 

525 

542 

640 

549 

559 

555 

669 

559 

670 

21 

628 

627 

617 

612 

611 

610 

612 

527 

512 

629 

625 

663 

559 

500 

671 

22 

617 

617 

617 

613 

617 

616 

617 

613 

523 

664 

644 

661 

558 

647 

502 

2J 

612 

612 

619 

616 

612 

60b 

513 

616 , 

510 

625 

637 

547 

643 

573 

GOO 

24 

498 

498 

478 

460 

406 

445 

464 

4-72 

487 

601 

603 

625 

539 

677 

690 

26 

606 

606 

608 

608 

619 

498 

500 

493 

496 

— 

578 

658 

564 

626 

609 

26 

603 

491 

485 

— 

, 

— 

600 

491 

498 

- 

— 



— 

— 

27 

— 

— 


— 



— 







— 

. . 

28 

— 

— 




_ — 




- , - 








29 

— 

— 



— 


— 

— 

— 

623 

534 

546 

561 

570 

658 


626" 

"636' 

"630 " 

639 

636' 

S'- 

627' 

-Mar 

"617 

c.h, 1! 
631 

m. 

546 

644' 

668 

560 

689 

694 

687 

2 

638 

624 

523 1 

619 

624 

523 

648 

639 

504, 

549 

667 

560 

663 

666 

670 

3 

626 

633 

626 1 

636 

634 

640 

641 

641 

560 

561 

667 

500 ! 

605 

669 

656 

4 

631 

632 

632 

638 

636 

636 

621 

626 

534 

663 

641 

503 

602 

576 

667 

5 

639 

638 

640 

642 

640 

541 

646 

661 

653 

646 

603 

507 

561 

567 

606 

6 

619 

493 

497 

609 

616 

538 

663 

663 

569 

661 

666 

559 

555 

566 

646 

7 

636 

629 

619 

619 

623 

492 

642 

619 

542 

649 

553 

589 

591 

574 

031 

8 

624 

619 

606 

604 

600 

522 

544 

664 

663 

626 

646 

503 

697 

604 

676 

9 

636 

496 

496 

602 

496 

506 

492 

623 

551 

699 

664 

590 

670 

608 

616 

10 

624 

609 

616 

486 

619 

617 

632 

519 

529 

648 

663 

599 

685 

584 

573 

11 

622 

488 

466 

474 

496 

468 

469 

629 

626 

665 

572 

57^ 

677 

591 

623 

12 

638 

638 

639 

641 

i 540 

641 

649 

646 

661 

546 

649 

1 541 

660 

1 560 

575 

13 

604 

612 

600 

484 

610 

526 

617 

i 514 

627 

550 

657 

1 539 

663 

563 

570 

14 

614 

619 

616 

639 

636 

540 

640 

1 541 

625 

644 

611 

i 500 

667 

564 

568 

15 

626 

624 

621 

624 

638 

642 

649 

i 627 

560 

560 

061 

559 

065 

566 

672 

16 

633 

631 

627 

634 

634 

646 

653 

i 667 

569 

646 

663 

570 

668 

580 

670 

17 

617 

629 

633 

640 

642 

641 

543 

658 

666 

566 

660 

558 

667 

566 

DCl 

18 

644 

646 

644 

644 

646 

642 

642 

660 

666 

667 

664 

500 

660 

667 

666 

19 

641 

543 

644 

646 

644 

644 

661 

663 

060 

560 

664 

606 

668 

670 

664 

20 

640 

639 

634 

631 

641 

643 

646 

663 

663 

664 

670 

500 

666 

559 

672 

21 

642 

638 

641 

638 

643 

638 

663 

666 

663 

566 

663 

557 

661 

564 

600 

22 

636 

641 

639 

629 

636 

661 

651 

546 

631 

663 

570 

584 ; 

633 

692 

747 

23 

633 

636 

640 

631 

529 

623 

622 

531 

640 

661 


— 

— 

— 


24 


— 

— 

— 

— 

— 

— 





568 

666 

666 

668 

570 

670 

25 

640 

644 

644 

642 

641 

641 

642 

656 

667 

663 

661 

666 

661 

665 

670 

26 

638 

638 

538 

629 

638 

644 

642 

646 

642 

642 

658 



623 

649 

638 

27 

667 

672 

670 

673 

676 

667 

666 

668 

677 

680 

698 

649 

636 

626 

638 

28 

676 

676 

668 

666 

667 

674 

670 

673 

687 

687 

694 

694 

694 

694 

689 

29 

670 

670 

666 

544 

548 

644 

644 

666 

669 

664 

670 

668 

670 

679 

670 

30 

626 

617 

612 

492 

499 

616 

646 

666 

670 

679 

676 

687 

672 

663 

677 

31 

646 

661 

646 

643 

646 

563 

666 

663 

667 

668 

666 

668 

672 

670 

676 


484 





15 h. I 10 h. I 


V y 

622 605 

605 624 

621 645 

646 641 

609 619 

681 641 

602 603 

663 669 
631 646 

699 719 

603 600 

696 607 

612 603 

619 607 

634 636 
694 607 
692 648 

656 628 

597 604 

660 564 

680 666 
668 562 
666 690 

668 649 

661 666 


Houely Values — continued. 

S' — February, 1912 . 

30Q0y (0-03 O.G.S. Unit) + Maximum Beading 

17 Ii. I 18^h. I 10 h. 1 20 h. I 21 li. I 22 li. | 23 h. | 24 li. 


y y 


Minimum Beading 
and Time. 


683 577 668 

683 588 60:) 
663 636 696 

626 612 690 

614 598 690 

613 622 600 

607 696 596 
646 634 616 
624 626 613 

627 578 624 

600 596 687 

609 621 607 

621 618 694 

692 671 676 

604 590 666 

610 683 683 
686 688 669 

603 686 678 

604 600 670 
683 573 661 
658 639 636 
644 637 627 
661 647 628 
666 649 629 
666 644 637 


y 

577 679 

604 683 

621 607 

686 670 
583 673 
685 676 

683 670 
602 673 
679 663 
678 662 

559 660 
606 649 
608 671 
678 571 

663 649 

666 663 

666 662 
661 646 

642 632 

643 632 
628 626 

622 628 

626 498 

608 498 
623 617 



666 1 

666 

676 

674 

6^1 

661 J 







587 

~G04" 

1504 

692 

660 

632 

666 

659 

667 

663 

663 

638 

663 

689 

692 

666 

666 

649 

669 

664 

663 

648 

661 

666 

663 

668 

670 

667 

663 

646 

666 

660 

666 

653 

642 

538 

623 

679 

666 

664 

660 

642 

662 

660 

651 

632 

694 

661 

606 

682 

670 

687 

666 

639 

687 

687 

690 

683 

666 

663 

631 

608 

601 

581 

663 

636 

676 

689 

676 

663 

646 

643 

666 

660 

656 

663 

670 

648 

663 

656 

663 

661 

642 

644 

677 

667 

666 

644 

640 

666 

686 

677 

682 

672 

666 

667 

677 

565 

668 

661 

666 

661 

666 

670 

664 

666 

666 

666 

666 

668 

663 

660 

667 

663 

670 

670 

666 

‘670 

668 

649 

668 

668 

660 

666 

666 

644 

623 

690 

691 

669 

646 

639 


664 653 566 

680 671 646 

694 600 600 

668 663 661 

663 664 666 

669 671 663 

669 663 666 

632 639 645 

666 663 665 

644 646 627 

634 621 636 

661 659 658 

665 628 626 

666 556 566 

636 623 636 

661 666 649 

666 661 644 

638 642 649 

626 626 616 
627 629 628 

623 618 617 

616 610 612 
601 470 498 

608 606 606 
623 603 603 


— Matoll, 
634 638 
621 636 

633 632 

638 636 
631 616 
638 629 
624 616 
471 468 

601 602 

631 623 

641 633 
612 496 
612 623 
638 631 
621 629 

632 616 
641 544 

634 631 
640 641 
644 644 
498 622 
536 627 










486 































Hourly ■ Values — cmtinmd. 


S— April, 1912. 


3000y ( -03 C.G.S. Unit) + | 

Maximum Beading 
and Time. 

Minimum Beading 
and Time. 

16 h. 

10 h. 

17 lu 

18 h. 

19 h. 

20 h. 

21 h. 

22 h. 

23 h. 

24 h. 

Y 

Y 

Y 

Y 

Y 

Y 

y 

Y 

Y 

Y 

y 

h. 

m. 

Y 

h. 

m. 

673 

563 

668 

668 

567 

666 

666 

641 

636 

666 

679 

14 

36 

607 

22 

42 

670 

672 

673 

670 

667 

663 

666 

663 

560 

665 

682 

6 

63 

627 

2 

3 

611 

690 

680 

673 

665 

663 

644 

648 

629 

638 

633 

12 

47 

622 

23 

8 

692 

689 

67d: 

669 

669 

665 

649 

639 

649 

656 

609- 

16 

31 

497 

2 

8 

606 

662 

683 

670 

669 

648 

640 

626 

651 

638 

681 

.16 

65 

610 

21 

68 

583 

679 

667 

561 

669 

663 

661 

636 

636 

633 

761 

12 

46 

481 

2 

32 

597 

673 

673 

666 

664 

660 

648 

490 

629 

644 

662 

12 

10 

437 

21 

46 

685 

684 

674 

670 

664 

568 

646 

663 

666 

661 

613 

11 

11 

617 

2 

18 

680 

672 

576 

679 

666 

668 

660 

666 

666 

666 

606 

12 

19 

541 

1 

37 

684 

698 

694 

600 

579 

668 

461 

478 

646 

661 

633 

17 

47 

364 

21 

24 

683 

672 

668 

670 

674 

666 

669 

556 

663 

663 

694 

12 

18 

634 

6 

16 

681 

676 

666 

670 

663 

668 

648 

641 

636 

639 

694 

12 

14 

497 

21 

29 

601 

617 

617 

694 

699 

676 

663 

648 

644 

668 

633 

16 

33 

531 

4 

67 

666 

667 

668 

670 

670 

666 

660 

666 

666 

666 

696 

12 

6 

641 

23 

8 

669 

694 

689 

638 

694 

687 

639 

634 

464 

473 

722 

16 

26 

406 

23 

16 

607 

611 

611 

690 

666 

629 

626 

660 

622 

609 

664 

14 

20 

396 

20 

26 

694 

654 

626 

617 

692 

676 

667 

632 

638 

667 

684 

16 

18 

476 

22 

17 

608 

611 

607 

681 

676 

669 

669 

471 

641 

634 

640 

11 

10 

408 

22 

16 

668 

663 

661 

661 

665 

660 

661 

661 

646 

625 

604 

13 

60 

614 

24 

0 

716 

631 

613 

670 

664 

669 

646 

644 

661 

648 

791 

14 

32 

610 

0 

3 

676 

670 

668 

665 

663 

669 

660 

669 

668 

666 

600 

11 

47 

640 

1 

28 

694 

604 

696 

681 

673 

674 

669 

663 

646 

548 

616 

13 

60 

534 

23 

30 

670 

672 

600 

680 

670 

667 

668 

660 

668 

667 

609 

17 

3 

616 

2 

3 

689 

689 

679 

676 

667 

670 

666 

634 

648 

639 

626 

12 

0 

612 

22 

24 

676 

676 

672 

670 

666 

668 

663 

667 

648 

534 

693 

11 

37 

617 

0 

42 

683 

689 

674 

668 

666 

564 

664 

661 

641 

660 

694 

14 

23 

476 

1 

13 

667 

668 

668 

670 

670 

664 

663 

646 

619 

644 

679 

12 

46 

610 

23 

10 

682 ^ 

673 

666 

673 

661 

560 

661 

667 

663 

660 

692 

14 

43 

631 

0 

20 

668 

673 

581 

672 

(668) 

(664) 

669 

661 

663 

668 

686 

14 

22 

643 

4 

20 

673 

670 

676 

670 

667 

661 

668 

661 

660 

617 

679 

16 

13 

490 

23 

66 


S'~May, 1912. 


672 

683 

687 

682 

577 

670 

659 

660 

684 

686 

691 

684 

672 

566 


666 

684. 

676 

680 

672 

683 

670 


548 

— 

— 

— 

641 

667 

663 



594 


670 

677 

663 

661 



680 

581 

680 

670 

667 

667 

566 


676 

672 

672 

667 

672 

570 


667 

619 

618 

697 

674 

670 

672 

668 

667 

673 

674 

670 

670 

668 

672 

676 

566 

676 

681 

616 

606 

673 

664 

666 

666 

672 

672 

668 

670 

667 

666 

666 

1^ 

698 

651 

616 

616 

644 

624 

661 

660 

697 


616 

616 

606 

478 

499 


624 

606 

616 

697 

674 

673 

679 


604 

618 

699 

679 

681 

672 

666 

iia 

674 

680 

687 

684 

677 

666 

649 

666 

606 

604 

687 

682 

674 

668 



680 

677 

673 

670 

670 

666 



582 

679 

679 

676 

672 

663 

669 

663 

607 

699 

677 

679 

668 

666 

663 

566 

667 

689 

686 

674 

672 

666 

666 

566 

698 

696 

680 

679 

676 

668 

666 

666 

674 

672 

672 

672 

672 

668 

667 

566 

672 

673 

674 

672 

673 

670 



680 

677 

672 

672 

670 

670 



679 

679 

677 

679 

672 

677 

546 

666 

697 

684 

674 

670 

672 

670 

669 

670 

686 

687 

606 

681 

672 

567 

666 

566 

676 

677 

672 

676 

672 

666 

670 


676 

676 

676 

670 

666 

666 

666 


592 

583 

674 

672 

664 

566 

867 

667 


660 

660 

696 

16 

60 

496 

0 

0 

646 

IPI 

601 

■fii 

43 

639 

22 

67 

641 

648 

634 

12 

46 

624 

3 

48 

660 

668 

676 

6 

26 

624 

3 

33 

496 


669 

14 

26 

231 

23 

41 

621 

iiSI 

628 

0 

27 

442 

0 

0 

612 

601 

640 

12 

2 

478 

23 

6 

661 


640 

14 

67 

497 

0 

0 

667 

661 

694 

14 

21 

626 

1 

32 

666 


649 

17 

10 

644 

23 

48 

666 

666 

681 

13 

6 

646 

0 

4 

496 

478 

723 

16 

33 

423 

23 

26 

668 

673 

817 

13 

23 

436 

19 

60 

669 

E ^ il 

707 

11 

68 

623 

6 

46 

623 


664 

16 

54 

604 

6 

9 

669 

If iS 

697 

12 

8 

636 

20 

28 

664 

667 

626 

14 

7 

641 

2 

27 

666 

mM 

699 

16 

48 

627 

0 

45 

666 

668 

687 

16 

16 

638 

20 


661 

666 

632 

13 

20 

644 

6 

14 

666 

667 

698 

16 

10 

567 

6 

16 

667 

1^ 

619 

13 

46 

538 

3 

69 

666 

668 

677 

16 

42 

661 

4 


668 

667 

687 

18 

32 

664 

20 

43 

670 

666 

589 

16 

1 

561 

6 

46 

666 

666 

687 

11 

33 

624 

20 

69 

672 

672 

614 

13 

40 

663 

21 

2 

666 

667 

616 

16 

64 

660 

19 

22 

867 


686 

16 

2 

631 

23 

30 

670 

668 

687 

12 

60 

514 

0 

23 

660 

668 

616 

10 

3 

544 

4 

46 


487 


2 H 4 







Hourly Values — continued. 


S' — June, 1912. 


Day. 

3000r(-03C.G.S. Unit) 4- | 

Oh, 

Ik 

2Il 

3h. 

4h. 

6 k 

6h. 

7 h. 

8 k 

9h. 

10 h. 

11 k 

12 k 

13 h. 

14 k 


y 

y 

y 

y ■ 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

1 

568 

666 

660 

670 

577 

666 

687 

676 , 

668 

566 

576 

677 

674 

681 

684 

2 

536 

674 

670 

677 

676 

672 

568 

572 

673 

677 

675 

680 

583 

683 

683 

3 

667 

668 

666 

640 

542 

663 

674 

564 

682 

684 

687 

684 

606 

614 

626 

d: 

656 

565 

670 

667 

672 

670 

674 

676 

676 

676 

587 

692 

681 

681 

694 

5 

667 

670 

674 

676 

673 

670 

672 

670 

677 

676 

676 

579 

582 

677 

582 

6 

674 

676 

676 

668 

670 

675 

776 

668 

676 

— 

— 

— 





7 

— 



— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

509 

670 

668 

8 

562 

664 

667 

667 

670 

671 

671 

667 

667 

660 

664 

676 

699 

679 

688 

9 

664 

603 

472 

630 

629 

662 

671 

676 

692 

599 

6T8 

584 

595 

605 

682 

10 

609 

526 

619 

630 

622 

663 

648 

676 

676 

609 

606 

616 

648 

623 

666 

11 

664 

663 

632 

612 

662 

661 

661 

646 

677 

671 

688 

687 

587 

699 

699 

12 

638 

664 

654 

668 

660 

668 

666 

668 

668 

670 

668 

672 

582 

584 

682 

13 

561 

663 

653 

549 

662 

667 

648 

562 

669 

671 

571 

676 

678 

675 

577 

14 

661 

664 

564 

656 

648 

666 

668 

667 

669 

670 

671 

672 

678 

673 

682 

16 

660 

662 

556 

647 

552 

668 

667 

664 

570 

669 

672 

686 

694 

688 

699 

16 

667 

564 

663 

663 

667 

662 

661 

568 

669 

— 

— 

— 

— 

— 



17 

— 

— 

— 

— 

— 

— 

— 

— 



677 

678 

673 

572 

672 

670 

18 

664 

660 

670 

669 

564 

668 

567 

668 

670 

671 

671 

672 

671 

573 

679 

19 

663 

668 

666 

671 

662 

668 

669 

668 

671 

668 

668 

672 

667 

671 

669 

20 

566 

668 

669 

670 

670 

667 

669 

669 

670 

670 

670 

671 

670 

673 

671 

21 

667 

670 

867 

667 

667 

668 

670 

672 

670 

671 

669 

667 

667 

668 

572 

22 

661 

663 

662 

667 

661 

663 

667 

663 

669 

671 

676 

575 

580 

682 

571 

23 

668 

666 

646 

641 

643 

666 

660 

668 

569 

671 

673 

578 

679 

684 

682 

24 

651 

634 

669 

662 

565 

563 

658 

607 

670 

679 

689 

001 

686 

675 

686 

25 

658 

626 

641 

663 

573 

673 

671 

667 

576 

573 

577 

673 

586 

603 

585 

26 

669 

668 

671 

669 

670 

672 

670 

670 

673 

673 

072 

573 

584 

575 

684 

27 

663 

563 

653 

668 

670 

568 

669 

670 

572 

576 

672 

509 

573 

571 

500 

28 

672 

676 

673 

672 

671 

671 

671 

569 

56!) 

572 

677 

692 

()33 

694 

500 

29 

660 

653 

562 

566 

676 

662 

646 

668 

576 

589 

671 

694 

612 

623 

580 

30 

636 

630 

643 

664 

671 

668 

666 

553 

578 

673 

573 

584 

585 

686 

570 







S'- 

-July, 191 

2. 







i 

66d 

656 " 

646 ' 

670 

~664 ■ 

663 

670 

669“ 

“573 ■ 

672 

~579 

'*686"' 

“69(1 

'584 

584 

2 

661 

656 

646 

665 

565 

563 

667 

565 

667 

— 

— 

— 

— 



3 

— 

— 

— 

— 

— 

— 


— 

— 

664 

653 

669 

667 

669 

570 

4 

639 

649 

646 

549 

646 

641 

638 

646 

563 

676 

582 

69(i 

613 

696 

022 

5 

651 

614 

606 

466 

664 

680 

668 

568 

578 

680 

686 

614 

698 

619 

50{) 

6 

624 

624 

619 

661 

647 

646 

662 

568 

692 

609 

673 

603 

687 

606 

578 

7 

497 

662 

664 

667 

648 

665 

B58 

558 

678 

673 

686 

602 

687 

676 

590 

8 

667 

662 

661 

667 

661 

663 

662 

666 

669 

676 

684 

686 

601 

646 

507 

9 

667 

648 

637 

649 

646 

648 

566 

670 

668 

680 

682 

675 

680 

669 

575 

10 

636 

663 

666 

663 

647 

663 

664 

570 

670 

667 

569 

670 

669 

676 

582 

11 

658 

660 

663 

662 

666 

664 

660 

664 

667 

673 

573 

673 

677 

685 

001 

12 

662 

667 

667 

665 

664 

662 

667 

667 

667 

570 

673 

673 

670 

673 

573 

13 

662 

661 

664 

663 

668 

663 

664 

662 

663 

660 

666 

672 

673 

576 

572 

14 

661 

665 

667 

667 

667 

662 

663 

667 

668 

672 

507 

669 

669 

672 

569 

16 

664 

668 

668 

566 

564 

664 

661 

663 

567 

679 

676 

672 

676 

677 

582 

16 

662 

667 

669 

662 

662 

663 

663 

667 

671 

667 

671 

672 

673 

690 

677 

17 

565 

667 

671 

667 

568 

676 

672 

673 

568 

667 

666 

667 

667 

668 

568 

IS 

661 

660 

658 

644 

622 

632 

647 

562 

670 

677 

684 

694 

603 

607 

631 

19 

667 

667 

667 

668 

667 

667 

663 

664 

670 

670 

672 

679 

692 

688 

604 

20 

658 

666 

666 

670 

669 

669 

668 

661 

671 

672 

676 

677 

692 

686 

686 

21 

648 

643 

662 

666 

670 

573 

665 

671 

671 

676 

682 

589 

687 

694 

616 

22 

648 

665 

562 

648 

661 

660 

662 

660 

661 

675 

675 

680 

679 

679 

682 

23 

A J 

668 

658 

664 

660 

668 

671 

667 

669 

666 

672 

673 

672 

673 

671 

677 

24 

668 

664 

562 

660 

564 

667 

672 

670 

670 

673 

673 

673 

676 

680 

575 

26 

569 

670 

670 

671 

671 

666 

669 

668 

669 

676 

679 

677 

680 

586 

576 

26 

661 

660 

661 

667 

668 

649 

662 

660 

667 

676 

670 

677 

676 

678 

592 

27 

648 

666 

667 

666 

561 

660 

671 

662 

679 

677 

692 

688 

611 

605 

648 

28 

669 

665 

666 

647 

626 

649 

664 

672 

679 

684 

673 

677 

679 

580 

582 

29 

663 

668 

664 

670 

668 

666 

567 

671 

672 

676 

678 

677 

678 

680 

580 

SO 

664 

666 

661 

656 

669 

670 

673 

673 

673 

677 

676 

676 

678 

582 

682 

31 

(643) 

629 

630. 

634 

641 

664 

666 

667 

671 

680 

682 

687 

0698) 

809 

690 


488 



Hourly Values — continued. 


S' — ^June, 1912. 


aoooy (-03 C.G.S. Unit) + 


16 h. 

16 h. 1 

17 h. 

18 h. 

10 h. 

20 h. 

21 h. 

22 h. 

23 h. 

24 h. 1 

y 

y 

y 

y 

y 

y 

y 

y 

V 

Y 

604 

597 

613 

616 

699 

580 

672 

660 

631 

53t) 

587 

611 

641 

611 

680 

608 

676 

667 

664 

667 

630 

601 

694 

611 

624 

581 

673 

6()8 

567 

666 

599 

602 

587 

576 

581 

676 

676 

676 

568 

667 

594 

683 

687 

587 

587 

674 

670 

670 

670 

674 

567 

567 

567 

668 

666 

666 

662 

663 

664 

662 

624 

686 

622 

694 

663 

676 

621 

646 

641 

664 

672 

616 

613 

694 

577 

662 

646 

668 

646 

609 

660 

689 

694 

594 

682 

667 

662 

662 

661 

554 

592 

616 

699 

578 

680 

672 

661 

563 

660 

638 

587 

633 

602 

579 

577 

663 

661 

662 

668 

661 

571 

669 

568 

570 

670 

663 

664 

668 

666 

661 

577 

578 

694 

586 

673 

660 

668 

561 

666 

660 

586 

573 

676 

672 

667 

666 

661 

667 

564 

667 

670 

673 

670 

672 

669 

667 

666 

663 

664 

664 

679 

677 

680 

573 

671 

667 

660 

664 

664 

563 

667 

676 

686 

689 

677 

676 

576 

667 

668 

666 

672 

676 

671 

670 

667 

668 

667 

667 

667 

667 

672 

672 

675 

677 

685 

666 

564 

664 

663 

661 

673 

676 

669 

669 

572 

666 

668 

660 

663 

668 

678 

682 

678 

672 

668 

668 

660 

662 

662 

661 

692 

601 

689 

612 

673 

673 

666 

666 

666 

568 

682 

671 

571 

607 

676 

670 

667 

668 

070 

669 

602 

603 

669 

671 

668 

667 

666 

667 

667 

663 

672 

669 

669 

670 

676 

686 

614 

690 

631 

672 

672 

664 

664 

678 

672 

692 

680 

669 

664 

560 

667 

666 

676 

673 

682 

676 

676 

663 

667 

636 

576 

673 

678 

672 

672 

668 

667 

563 

541 

664 


laximum ReiwlmK 1 

Minimum Reading 

and Time, 


and Time. 


y 

h. 

m. 

y 

li. 

m. 

640 

18 

5 

495 

23 

13 

602 

10 

31 

031 

0 

0 

661 

18 

52 

021 

3 

39 

609 

16 

68 

544 

Q 

29 

699 

14 

45 

065 

0 

25 

686 

8 

28 

063 

0 

40 

670 

13 

22 

060 

19 

30 

700 

16 

13 

606 

20 

63 

794 

14 

17 

382 

1 

67 

693 

14 

47 

464 

' 0 

20 

666 

16 

46 

498 

2 

30 

662 

16 

0 

026 

0 

7 

687 

13 

32 

636 

3 

26 

606 

10 

07 

636 

21 

36 

607 

13 

06 

629 

3 

20 

672 

6 

6 

666 

6 

17 

692 

10 

27 

638 

23 

16 

686 

16 

63 

647 

0 

3 

607 

17 

32 

549 

3 

32 

679 

3 

17 

660 

21 

62 

690 

18 

39 

660 

9 

6 

687 

12 

63 

663 

22 

0 

690 

13 

13 

022 

3 

36 

635 

17 

33 

019 

0 

00 

616 

13 

9 

006 

1 

12 

629 

16 

37 

060 

6 

16 

648 

21 

10 

496 

22 

06 

662 

11 

62 

006 

16 

36 

656 

13 

16 

630 

23 

48 

697 

7 

66 

009 

0 

31 



s;— July, 1912^ 


673 

■'582 

l97 

'"637 

"587 “ 

573 ' 

560 

664 

■064 

601' 

666 

17 

40 

629 

21 

49 




__ 

^ — 







.... 

579 

4 

35 

629 

1 

46 

671 

667 

667 

664 

665 

666 

568 

663 

646 

639 

575 

14 

26 

632 

23 

27 

638 

626 

627 

610 

677 

663 

534 

636 

637 

661 

663 

13 

63 

614 

21 

21 

684 

660 

701 

603 

562 

679 

646 

048 

607 

624 

751 

17 

0 

439 

2 

66 

577 

579 

584 

679 

673 

668 

661 

062 

621 

497 

644 

10 

40 

444 

23 

43 

599 

573 

678 

669 

668 

671 

664 

667 

663 

667 

614 

10 

42 

498 

0 

0 

607 

682 

667 

668 

666 

667 

666 

667 

666 

667 

651 

12 

67 

639 

6 

18 

684 

682 

694 

696 

676 

566 

661 

563 

666 

636 

607 

17 

43 

492 

2 

16 

686 

677 

672 

668 

663 

663 

562 

662 

667 

668 

689 

14 

37 

632 

0 

0 

676 

678 

673 

673 

667 

660 

666 

664 

664 

662 

621 

13 

68 

661 

2 

30 

669 

682 

676 

575 

670 

664 

660 

660 

661 

562 

684 

16 

43 

665 

22 

5 

667 

667 

667 

667 

662 

661 

661 

660 

660 

661 

677 

13 

0 

663 

3 

66 

669 

580 

671 

669 

667 

661 

664 

661 

663 

664 

690 

16 

43 

668 

6 

6 

673 

672 

676 

672 

676 

669 

668 

563 

661 

662 

694 

14 

12 

546 

1 

60 

686 

661 

692 

592 

689 

692 

699 

662 

663 

660 

623 

20 

32 

666 

8 

43 

(669) 

(671) 

672 

668 

667 

663 

566 

661 

661 

661 

679 

9 

46 

639 

21 

1 

631 

682 

676 

668 

664 

663 

567 

664 

663 

667 

643 

13 

46 

492 

4 

14 

689 

696 

680 

672 

667 

667 

667 

662 

556 

668 

616 

13 

39 

646 

23 

12 

688 

686 

573 

680 

689 

677 

678 

652 

652 

648 

607 

12 

18 

643 

21 

64 

604 

684 

690 

686 

677 

668 

662 

663 

646 

648 

622 

13 

60 

619 

23 

30 

682 

692 

688 

685 

686 

676 

668 

667 

661 

668 

601 

16 

19 

539 

2 

60 

675 

676 

678 

882 

685 

677 

662 

664 

668 

668 

694 

17 

28 

641 

2 

27 

677 

673 

676 

670 

668 

666 

667 

670 

669 

669 

587 

12 

65 

639 

2 

66 

675 

582 

673 

667 

667 

667 

667 

658 

653 

661 

692 

12 

36 

646 

22 

38 

680 

686 

699 

697 

692 

670 

669 

661 

649 

648 

609 

18 

45 

639 

22 

18 

648 

663 

643 

609 

673 

672 

661 

660 

664 

669 

667 

14 

23 

626 

4 

27 

682 

676 

679 

679 

673 

673 

669 

670 

663 

663 

690 

17 

48 

614 

4 

13 

680 

677 

680 

(680) 

680 

680 

667 

668 

668 

664 

694 

10 

17 

663 

6 

28 

680 

682 

678 

679 

688 

684 

687 

(673) 

(668) 

(643) 

698 

19 

8 

646 

1 

10 

(611) 

602 

606 

604 

678 

662 

661 

607 

546 

661 

624 

14 

20 

498 

21 

47 


489 
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Houbly Values — continued. 

S'— August, 1912. 


3000y(-03 O.G.S. Unit) + 


OL 

1 h. 

2h. 

1 3h. 

4h. 

5 h. 

0h. 

7h. 

1 8h. 

Oh. 

10 h. 

11 h. 

12 h. 

13 h. 

U h. 

V 

V 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

y 

y 

661 

663 

647 

676 

647 

652 

661 

670 

573 

589 

692 

686 

633 

633 

667 

662 

668 

673 

668 

670 

671 

669 

660 

676 

676 

671 

680 

686 

586 

686 

568 

649 

634 

629 

667 

666 

668 

673 

676 

671 

684 

677 

682 

694 

685 

643 

668 

676 

675 

672 

667 

666 

569 

669 

678 

677 

679 

685 

682 

680 

669 

673 

673 

673 

671 

669 

663 

664 

671 

673 

673 

576 

679 

676 

676 

669 

668 

668 

649 

641 

676 

661 

660 

672 

— 

— 





— 



— 

— 

— 

— 

— 

i 

— 

— 

— 

676 

676 

692 

678 

692 

592 

669 

60S 

670 

667 

665 

556 

668 

667 

673 

677 

679 

672 

682 

689 

676 

670 

668 

668 

660 

667 

564 

666 

667 

672 

679 

677 

679 

678 

686 

689 

561 

676 

672 

672 

667 

668 

671 

668 

672 

678 

686 

682 

605 

618 

606 

666 

667 

668 

666 

666 

667 

669 

667 

677 

680 

680 

690 

689 

586 

689 

672 

676 

664 

671 

671 

668 

668 

668 

670 

678 

576 

676 

673 

677 

676 

670 

672 

673 

670 

667 

668 

669 

671 

672 

678 

673 

679 

678 

686 

587 

670 

670 

670 

668 

667 

671 

667 

672 

673 

682 

676 

679 

679 

682 

694 

562 

663 

660 

666 

671 

668 

670 

668 

670 

682 

678 

689 

596 

604 

609 

669 

668 

669 

668 

669 

668 

568 

668 

668 

672 

676 

679 

689 

680 

680 

564 

666 

670 

670 

666 

667 

668 

673 

573 

676 

696 

606 

653 

667 

601 

519 

668 

666 

669 

668 

652 

676 

670 

677 

677 

586 

679 

696 

686 

697 

549 

663 

667 

658 

668 

668 

643 

668 

687 

(699) 

(312) 

624 

691 

646 

664 

661 

647 

661 

649 

661 

661 

662 

680 

684 

682 

679 

699 

603 

606 

609 

663 

662 

671 

663 

664 

662 

662 

668 

676 

680 

692 

686 

692 

682 

686 

522 

627 

668 

658 

663 

666 

667 

672 

678 

678 

694 

609 

614 

613 

691 

563 

669 

641 

631 

612 

613 

568 

668 

678 

682 

688 

697 

618 

613 

698 

664 

638 

636 

619 

663 

646 

566 

565 

676 

592 

697 

587 

682 

682 

692 

672 

669 

664 

644 

661 

639 

572 

672 

677 

680 

689 

601 

694 

604 

699 

566 

672 

660 

667 

670 

663 

660 

667 

677 

678 

588 

696 

692 

687 

690 

666 

663 

660 

662 

568 

664 

666 

672 

676 

676 

692 

692 

697 

601 

694 

617 

667 

662 

663 

637 

653 

663 

668 

673 

680 

678 

669 

682 

692 

585 

662 

663 

668 

664 

649 

661 

673 

566 

687 

682 

596 

694 

648 

629 

603 

669 

670 

668 

646 

678 

647 

663 

677 

679 

682 

692 

696 

691 

688 

594 

669 

672 

668 

667 

667 

670 

671 

671 

677 

680 

699 

692 

677 

686 

616 





S' — September, 

1912. 






~6^ 

568 

'eeV 

669 

669 

662 

668 

678 

682 

684 

601 

609 

618 

648 

'"638 

671 

667 

668 

668 

671 

672 

672 

673 

676 

676 

676 

686 

682 

686 

686 

667 

671 

673 

671 

671 

670 

573 

672 

671 

676 

677 

680 

687 

687 

682 

670 

568 

667 

666 

667 

668 

673 

673. 

673 

676 

(686) 

696 

1 688 

618 

618 

637 

662 

668 

668 

666 

661 

660 

671 

676 

686 

686 

582 

I 684 

582 

692 

668 

669. 

676 

677 

669 

678 

670 

672 

682 

686 

601 

688 

620 

621 

621 

662 

666 

679 

677 

668 

673 

668 

672 

678 

682 

690 

689 

603 

687 

685 

669 

667 

677 

673 

660 

670 

676 

676 

678 

686 

686 

687 

689 

690 

601 

667 

668 

670 

668 

662 

662 

666 

667 

673 

671 

680 

697 

607 

692 

628 

619 

668 

668 

676 

662 

556 

671 

673 

673 

688 

686 

588 

697 

618 

614 

666 

663 

670 

666 

662 

663 

667 

673 

680 

686 

680 

688 

692 

602 

609 

662 

671 

671 

670 

667 

671 

672 

676 

682 

680 

688 

602 

007 

614 

629 

647 

666 

676 

668 

664 

672 

667 

667 

680 

688 

680 

687 

699 

613 

620 

669 

667 

667 

671 

672 

664 

662 

666 

663 

682 

692 

672 

592 

692 

692 

672 

673 

671 

670 

677 

676 

668 

669 

679 

680 

684 

696 

601 

604 

599 

673 

673 

673 

672 

672 

670 

568 

677 

676 

684 

680 

686 

690 

601 

612 

663 

666 

660 

666 

670 

671 

673 

(674) 

(676) 

576 

694 

686 

695 

689 

589 

661 

600 

621 

639 

607 

637 

528 

632 

621 

652 

661 

697 

606 

660 

686 

483 

666 

668 

661 

669 

673 

676 

671 

669 

692 

592 

692 

696 

602 

601 

673 

669 

666 

664 

662 

631 

643 

660 

689 

676 

680 

607 

616 

640 

664 

643 

626 

664 

641 

568 

668 

673 

671 

678 

687 

686 

687 

689 

686 

677 

629 

644 

641 

643 

632 

662 

666 

676 

672 

692 

687 

697 

697 

613 

627 

639 

664 

661 

668 

546 

647 

656 

673 

689 

680 

604 

636 

690 

609 

602 

667 

670 

655 

661 

667 

661 

662 

678 

682 

682 

686 

588 

609 

640 

670 

668 

670 

678 

887 

676 

678 

664 

649 

660 

697 

639 

726 

612 

616 

601 

673 

673 

676 

678 

676 

678 

680 

673 

646 

682 

680 

682 

692 

686 

606 

673 

673 

672 

670 

670 

673 

660 

660 

676 

592 

688 

699 

606 

614 

607 

664 

670 

673 

670 

563 

666 

667 

676 

679 

679 

686 

692 

692 

694 

696 

673 

670 

673 

670 

673 

676 

678 

686 

688 

(687) 

686 

692 

699 

607 

604 

673 

670 

667 

668 

663 

667 

667 

676 

688 

686 

694 

602 

697 

611 

616 


490 



Hourly Values — continued. 

S' — ^August, 1912. 


3000y (-03 O.G.S. Unit) + 


Sfaximum Beading 
and Time. 


Minimum Reading 
and Time. 














Houbly Values — contimied. 
S' — October, 1912. 


3000y (-03 O.G.S. Unit) + 



Oh. 

1 h. 

2h. 

3h. 

4h. 

6 h. 

Oh. 

7h. 

8h. 

Oh. 

10 h. 

11 h. 

12 h. 

13 h. 

U h. 


y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

K 



y 

] 

662 

677 

676 

668 

669 

569 

670 

676 

680 

688 

696 

602 

618 

584 

699 

2 

494 

483 

607 

613 

— 

— 

— 

— 

— 

— 

688 

682 

690 

689 

599 

3 

678 

678 

676 

671 

664 

676 

680 

692 

697 

690 

587 

699 

618 

631 

646 

4 

663 

661 

670 

666 

663 

673 

669 

671 

576 

604 

699 

697 

604 

699 

— 

6 

— 

— 

— 

— 

— 

— 

— 

— 

— 

689 

689 

601 

611 

612 

609 

6 

670 

669 

668 

666 

664 

668 

671 

667 

677 

682 

695 

697 

696 

603 

602 

7 

658 

666 

664 

654 

668 

608 

663 

678 

680 

688 

694 

692 

696 

597 

590 

8 

668 

664 

544 

663 

667 

660 

671 

682 

669 

699 

692 

696 

620 

644 

646 

9 

662 

668 

566 

669 

672 

670 

682 

672 

682 

601 

588 

609 

624 

611 

616 

10 

668 

667 

569 

669 

670 

668 

572 

672 

677 

— 

— . 

— 

— 


— 

11 





— 

— 

— . 

663 

664 

666 

684 

696 

613 

— 

. — 

687 

699 

12 

648 

643 

631 

634 

524 

629 

647 

648 

666 

661 

666 

671 

687 

672 

667 

13 

632 

639 

639 

643 

644 

644 

648 

646 

648 

668 

560 

682 

661 

607 

647 

14 

662 

642 

566 

539 

648 

661 

(668) 

(665) 

(672) 

679 

680 

679 

696 

618 

600 

16 

498 

482 

514 

616 

621 

601 

636 

636 

638 

673 

608 

607 

686 

626 

674 

16 

523 

478 

489 

601 

627 

622 

636 

676 

662 

676 

696 

600 

600 

686 

638 

17 

640 

667 

621 

640 

623 

632 

676 

689 

649 

683 

676 

607 

628 

639 

644 

18 

646 

669 

664 

664 

548 

631 

636 

663 

666 

676 

687 

589 

586 

604 

698 

19 

669 

661 

562 

669 

669 

664 

666 

672 

674 

676 

678 

678 

679 

693 

683 

20 

666 

642 

m 

647 

640 

648 

669 

666 

678 

683 

679 

676 

673 

681 

683 

21 

664 

664 

663 

647 

548 

666 

648 

631 

596 

683 

586 

680 

614 

683 

688 

22 

649 

636 

642 

642 

640 

669 

651 

666 

666 

676 

686 

587 

588 

686 

698 

23 

661 

664 

667 

663 

649 

669 

676 

661 

668 

516 

693 

688 

685 

691 

689 

24 

662 

647 

546 

648 

640 

666 

647 

666 

673 

669 

683 

676 

691 

696 

693 

26 

649 

651 

601 

662 

651 

661 

646 

676 

671 

573 

674 

687 

693 

613 

607 

26 

636 

649 

569 

666 

649 

664 

669 

679 

686 

666 

669 

680 

687 

606 

606 

27 

666 

669 

— 



— 


— 

— • 

. — 

673 

686 

693 

600 

698 

639 

28 

640 

636 

627 

616 

628 

611 

637 

648 

664 

672 

673 

673 

693 

686 

673 

29 

669 

661 

637 

632 

636 

640 

642 

640 

642 

693 

687 

683 

693 

613 

621 

30 

564 

667 

667 

669 

646 

648 

666 

663 

669 

664 

669 

683 

686 

687 

586 

31 

;_667_ 

6^ 

664 

562 

665 

621 

644 

649 

564 

668 i 

_600 

604 

603 

606 

614 






S' — ^November, 

1912. 






1 

647 ■ 

“631 

629 

637 

647 

638 

673 

668 

564 

564 

693 

6'96 

606 

614 

6iS 

2 

645 

662 

637 

636 

642 

664 

646 

561 

562 

673 

689 

604 

691 

598 

697 

3 

644' 

649 

640 

661 

663 

631 

623 

630 

556 

676 

564 

669 

666 

576 

663 

4 

666 

666 

661 

639 

642 

646 

616 

636 • 

667 

569 

678 

580 

697 

586 

698 

6 

644 

649 

661 

642 

646 

648 

666 

639 

639 

661 

662 

668 

664 

561 

663 

6 

648 

648 

661 

649 

608 

477 

484 

639 

678 

678 

— 

— 

— 

— 

— 

7 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

680 

698 

696 

681 

606 

8 

530 

613 

563 

668 

666 

669 

676 

662 

664 

686 

691 

678 

606 

613 

624 

9 

661 

616 

498 

488 

618 

621 

632 

648 

662 

— 

— 

— 

— 

— 

— 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 

616 

640 

690 

617 

643 

643 

11 

616 

441 

480 

488 

606 

630 

601 

631 

636 

669 

610 

683 

600 

629 

661 

12 

478 

620 

618 

611 

497 

606 

676 

666 

673 

661 

(668) 

(676) 

686 

591 

617 

13 

657 

663 

662 

661 

662 

646 

667 

632 

674 

680 

679 

696 

696 

615 

634 

14 

669 

667 

664 

662 

647 

561 

662 

663 

666 

— 

— 

— 

— 

— 

— 

JIG) 

16 

642 

639 

639 

629 

526 

633 

537 

636 

546 

603 

616 

642 

691 

628 

641 

17 

842 

637 

646 

644 

649 

676 

662 

644 

610 

563 

676 

688 

— 

— 

— 

18 

— 

— 

— 

— 

— 

— 

— 

— 

— 

674 

662 

646 

669 

571 

683 

19 

636 

628 

627 

633 

480 

606 

639 

662 

620 

637 

663 

664 

666 

691 

— 


492 



Houbly Values — continued. 


S' — Octolber, 1912. 


3000y (-03 C.a.S. unit) + 

Maximum Reading 

Minimum Reading 

16 h. 

10 h. 

17 h. 

18 h. 

10 h. 

20 h. 

21 h. 

22 h. 

29 h. 

24 h. 

and Timo. 


nml Time 


y 

y 

y 

y 

y 

y 

y 

V 

y 

y 

y 

h. 

m. 

y 

h. 

in. 

607 

613 

— 

688 

611 

682 



498 

494 

697 

18 

2 

487 

23 

10 

699 

694 

577 

568 

676 

673 

670 

671 

673 

678 

610 

14 

6 

471 

0 

49 

609 

602 

611 

699 

673 

662 

666 

662 

666 

663 

680 

13 

46 

563 

21 

62 

— 


— 


— 

— 

— 

— 

— 



622 

13 

40 

639 

7 

28 

599 

596 

602 

699 

699 

692 

673 

670 

668 

570 

618 

13 

7 

663 

22 

47 

587 

585 

680 

676 

677 

664 

568 

667 

661 

568 

611 

13 

27 

663 

4 

28 

692 

589 

587 

686 

675 

672 

569 

668 

665 

668 

620 

12 

33 

646 

0 

22 

630 

621 

631 

602 

682 

684 

658 

647 

663 

662 

669 

13 

32 

522 

1 

48 

612 

609 

613 

604 

686 

677 

570 

606 

668 

668 

648 

12 

18 

539 

23 

36 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

687 

6 

34 

643 

5 

24 

606 

587 

673 

661 

564 

653 

565 

648 

636 

648 

633 

9 

45 

624 

23 

7 

661 

661 

667 

569 

558 

544 

637 

544 

638 

632 

594 

11 

56 

617 

3 

69 

660 

661 

627 

603 

573 

668 

664 

648 

496 

652 

694 

11 

60 

478 

23 

6 

648 

622 

604 

614 

696 

566 

680 

501 

603 

498 

663 

14 

66 

476 

22 

17 

659 

628 

617 

605 

676 

562 

623 

629 

649 

523 

760 

12 

15 

414 

1 

8 

608 

005 

698 

586 

683 

569 

664 

603 

642 

640 

668 

14 

16 

448 

0 

66 

666 

656 

616 

693 

683 

673 

667 

663 

644 

640 

680 

14 

67 

603 

2 

15 

614 

890 

696 

676 

678 

679 

666 

662 

669 

669 

628 

16 

3 

622 

6 

63 

690 

585 

685 

676 

671 

669 

664 

661 

667 

656 

605 

12 

37 

654 

3 

0 

683 

670 

672 

666 • 

560 

659 

665 

666 

666 

664 

610 

12 

48 

528 

3 

28 

679 

687 

576 

647 

644 

666 

666 

648 

645 

•849 

662 

11 

40 

482 

6 

43 

693 

670 

671 

566 

666 

649 

547 

645 

542 

661 

612 

14 

40 

620 

2 

13 

600 

606 

691 

666 

674 

670 

666 

661 

648 

662 

624 

10 

10 

482 

9 

0 

689 

683 

683 

563 

664 

669 

661 

661 

661 

649 

617 

14 

6 

499 

6 

37 

634 

619 

686 

663 

662 

(661) 

648 

523 

648 

636 

641 

14 

42 

616 

22 

0 

600 

602 

583 

673 

576 

654 

648 

654 

666 

666 

026 

16 

38 

627 

0 

0 

646 

647 

628 

619 

590 

674 

669 

646 

661 

640 

608 

16 

17 

637 

23 

47 

617 

639 

619 

589 

693 

570 

553 

621 

642 

559 

645 

16 

40 

603 

6 

23 

620 

606 

691 

676 

698 

662 

655 

642 

546 

654 

629 

14 

13 

610 

7 

42 

687 

672 

667 

668 

666 

649 

656 

663 

669 

667 

606 

13 

30 

636 

4 

10 

612 

697 

693 

000 

673 

669 

649 

661 

562 

647 

636 

14 

10 

608 

6 

0 


S' — November, 1912. 


622 

608 

623 

606 

697 

679 

669 

521 

617 

666 

029 

621 

617 

691 

663 

627 

563 

669 

668 

659 

666 

666 

646 

662 

591 

688 

686 

678 

666 

669 

662 

669 

661 

664 

676 

663 

661 

667 

669 

666 

628 

646 

643 

631 

619 

602 

679 

666 

697 

688 

578 

681 

681 

638 

647 

662 

623 

626 

612 

586 

689 

663 

666 

636 

670 

696 

684 

664 

610 

638 

688 

649 

621 

693 

687 

674 

664 

669 

666 

662 

638 

617 

689 

673 

668 

669 

662 

649 

— 

— 

602 

678 

548 

649 

636 

648 

664 

658 

693 

671 

662 

636 

661 

511 

697 

680 

591 

676 

678 

665 

640 

647 


516 

646 

620 

544 

549 

556 

648 

644 

664 

648 

649 

630 

662 

661 

632 

616 

687 

478 

664 

667 

663 

569 

661 

542 

644 

542 

626 

636 


(led 

700 

586 
oil 

587 
608 
663 
641 
601 
672 
709 
660 
661 
681 
604 
679 
613 
634 
616 


14 

4 

486 

15 

60 

604 

12 

22 

610 

12 

16 

603 

16 

65 

616 

9 

28 

445 

10 

25 

636 

14 

2 

490 

8 

9 

476 

14 

13 

464 

16 

18 

371 

14 

60 

433 

14 

66 

496 

7 

43 

619 

17 

3 

522 

12 

20 

460 

6 

30 

476 

15 

14 

614 

6 

22 

443 


22' '46 
23 0 

5 62 

6 1 

8 30 

5 13 
23 35 

0 35 
2 17 

9 11 

1 33 
0 21 

6 46 

6 37 
20 36 

6 88 

7 18 
23 19 

4 4 


493 



Houely Values — continued. 


V — ^February, 1911. 



esoooy (-68 0.as. unit) + 


Oh. 1 1 h. 1 

2ti. 

3h. 

4h. 

6h, 

6h. 


Sli. 

Oh. 

10 h. 

11 h. 

12 h. 

13 h. 

14 h. 

1 

2 

Y 

V 

Y 

Y 

Y 

y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

3 

4 

6 

— 

— 

— 

— 

— 

— 

~ 

— 

— 

— 

— 

673 

639 

413 

491 

6 

633 

693 

617 

606 

636 

630 

660 

604 

673 

614 

612 

(616) 

520 

640 

549 

7 

629 

624 

691 

602 

610 

598 

606 

683 

607 

621 

687 

622 

622 

624 

602 

8 

558 

660 

666 

633 

628 

666 

618 

606 

606 

626 

507 

624 

606 

492 

487 

9 

696 

694 

691 

666 

646 

649 

612 

618 

637 

626 

660 

626 

606 

606 

602 

10 

609 

620 

691 

682 

681 

686 

660 

664 

620 

641 

618 

630 

640 

643 

614 

11 

638 

609 

696 

683 

666 

668 

643 

606 

602 

616 

616 

612 

633 

622 

610 

12 

660 

662 

694 

683 

609 

602 

619 

694 

698 

606 

663 

634 

637 

610 

630 

13 

664 

662 

656 

648 

686 

679 

648 

636 

628 

628 

626 

626 

489 

489 

496 

14 

640 

653 

669 

664 

663 

624 

676 

668 

628 

660 

662 

496 

464 

499 

499 

16 

601 

619 

646 

614 

646 

613 

671 

598 

636 

601 

668 

679 

664 

646 

630 

16 

664 

679 

660 

666 

676 

668 

643 

812 

644 

668 

— 

— 

692 

688 

683 

17 

632 

636 

640 

666 

662 

634 

616 

698 

629 

636 

686 

639 

698 

617 

588 

18 

668 

671 

628 

629 

648 

607 

602 

667 

617 

668 

636 

679 

600 

679 

687 

19 

663 

661 

703 

703 

684 

674 

639 

619 

617 

614 

609 

692 

688 

677 

668 

20 

636 

630 

632 

642 

662 

636 

662 

626 

611 

619 

623 

600 

601 

601 

698 

21 

640 

644 

646 

642 

666 

668 

671 

646 

669 

647 

649 

606 

662 

640 

656 

22 

634 

639 

677 

737 

691 

706 

672 

636 

647 

606 

643 

604 

626 

604 

660 

23 

649 

667 

681 

662 

621 

617 

619 

696 

586 

668 

663 

630 

648 

636 

690 

24 

663 

668 

662 

644 

634 

609 

617 

696 

672 

628 

601 

609 

668 

666 

611 

25 

666 

638 

661 

047 

614 

621 

607 

686 

666 

663 

643 

664 

660 

681 

690 

26 

667 

682 

667 

634 

630 

687 

668 

620 

019 

614 

688 

660 

649 

660 

652 

27 

686 

706 

689 

658 

625 

619 

682 

698 

021 

614 

663 

636 

619 

602 

664 

28 

686 

662 

663 

061 

617 

636 

611 

621 

649 

694 

623 

617 

696 

698 

698 



m 





Hourly Values — continued. 


V — ^February, 1911 . 


68000y (-08 C.G.S. Unit) + 

Maximum Boading 

Minimum Reading 

15 h. 

16 h. 

17 h. 

18 h. 

19 U. 

20 h. 

1— i 

22 h. 

23 h. 

24.]), 

and Timo. 

and Time. 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

y 

Y 

Y 

Y 

h. 

ni. 

Y 

h. 

m. 

618 

622 

616 

624 

n 

620 

624 


B 

633 

— 

- 

- 

— 

- 

- 

630 

610 

637 

649 


666 

681 


668 



3 

62 

416 

11 

26 

609 

mm 

526 

633 


631 



690 

658 

699 

8 

35 

448 

11 

20 

480 

496 

610 


■SKii 

688 


676 

690 

696 

611 

23 

36 

444 

8 

26 

491 


624 


646 

649 

664 

688 

iBjUItB 



2 

7 

410 

11 

30 

606 


mi 


1^ 



676 

611 

638 

638 

23 

38 

490 

9 

38 

624 

618 

625 

640 

648 

644 

664 


668 

660 

647 

■a 

23 

482 

8 


IHMl 

11^ 

647 

548 



662 

668 

660 

664 

649 

6 

48 

499 

12 



11^ 




633 

664 


646 

640 


4: 

23 

467 

12 

30 

606 

496 

626 

E19 




617 

623 

KfllH 

684 

6 

47 

440 

11 

37 


618 


643 

682 



686 

690 



1 

42 

609 

16 

22 

673 

681 

KM 

Igfliil 

KilUll 

615 

614 

617 

638 



23 

11 

607 

6 

42 

601 

617 

EM 

626 

620 


647 

648 


668 

706 

10 

26 

668 

11 




604 

614 

617 

623 

643 




684 

0 

37 

612 

9 

6 

C76 

682 

688 

606 



629 

b;sM 


636 

741 

2 

60 

658 

10 

30 

686 

■tftlll 

616 


BTH 

^3 

640 


644 

640 

mM 

6 

33 

660 

11 

22 

676 

682 


686 

600 

690 


666 


634 


9 

Btil 

631 

12 

66 


614 




689 

EBI 

662 

648 

649 

771 

16 

38 

616 

14 

66 

681 

606 

619 

643 


636 

643 

667 




1 

Km 

609 

11 

68 

698 


614 



667 

720 

687 

670 

BSB 

766 

14 

14 

497 

a 

60 

692 

696 

606 

Ell 



629 

643 

662 

BifB 


0 

60 

486 

10 

6 

676 


611 


657 

643 


666 

684 

685 


23 

12 

469 

10 

21 

604 

696 

698 

B SB 


639 


666 

674 

686 

726 

0 

67 

637 

8 

60 

691 

611 

678 

665 


649 



718 


726 

17 

El 

647 

11 

10 







V- 

— Marcb, 1911. 







233 

240 

269 

274 

282 

311 

366 

347 

339 

338 

377 

20 

42 

103 

12 

() 

268 

276 

274 

273 

298 

306 

311 

316 

306 

296 

341 

0 

0 

193 

10 

20 

298 

284 

290 

274 

283 

290 

328 

346 

328 

346 

369 

21 

48 

223 

7 

65 

268 

273 

280 

282 

288 

290 

292 

296 

300 

301 

402 

0 

60 

236 

10 

28 

279 

288 

290 

311 

324 

316 

317 

427 

406 

378 

484 

22 

16 

237 

12 

16 

302 

311 

309 

341 

369 

349 

361 

364 

368 

370 

410 

4 

19 

204 

10 

40 

284 

301 

317 

336 

346 

334 

336 

346 

335 

331 

382 

0 

65 

268 

9 

16 

294 

305 

301 

306 

321 

330 

338 

364 

368 

491 

661 

24 

0 

268 

7 

60 

312 

300 

311 

311 

320 

324 

340 

338 

326 

328 

606 

0 

9 

276 

13 

58 

292 

288 

300 

309 

309 

307 

316 

328 

326 

326 

364 

6 

48 

280 

10 

17 

307 

313 

316 

321 

325 

326 

326 

326 

326 

320 

346 

9 

66 

288 

13 

60 

296 

284 

297 

306 

316 

331 

328 

330 

326 

324 

334 

20 

0 

286 

16 

158 

306 

306 

212 

317 

320 

324 

331 

331 

332 

334 

341 

9 

4 

292 

13 

37 

280 

300 

307 

319 

343 

364 

361 

339 

334 

317 

396 

9 

22 

240 

14 

38 

297 

313 

336 

328 

322 

334 

330 

334 

338 

368 

393 

9 

10 

273 

6 

26 

298 

290 

328 

325 

336 

340 

366 

344 

347 

334 

387 

9 

13 

233 

11 

10 

316 

311 

309 

312 

326 

332 

353 

349 

339 

338 

382 

10 

6 

291 

12 

20 

292 

307 

311 

320 

319 

319 

321 

322 

326 

321 

366 

1 

18 

283 

12 

27 

317 

303 

303 

311 

320 

322 

324 

326 

326 

328 

334 

6 

62 

284 

12 

26 

280 

290 

276 

290 

331 

326 

331 

370 

661 

463 

616 

22 

60 

262 

13 

62 

322 

322 

330 

412 

360 

339 

340 

347 

377 

386 

466 

0 

40 

268 

11 

6 

316 

309 

368 

340 

341 

361 

340 

360 

361 

373 

417 

0 

10 

208 

10 

10 

306 

306 

316 

321 

343 

389 

386 

392 

364 

361 

417 

19 

28 

227 

6 

67 

316 

311 

309 

322 

328 

361 

366 

363 

373 

360 

402 

22 

63 

237 

10 

30 

339 

317 

328 

317 

344 

427 

387 

408 

372 

373 

497 

14 

6 

238 

11 

6 

307 

347 

367 

328 

336 

353 

364 

343 

344 

346 

402 

16 

26 

245 

7 

23 

317 

301 

440 

431 

400 

406 

392 

404 

392 

426 

681 

16 

60 

242 

7 

60 

303 

306 

307 

366 

397 

386 

361 

336 

334 

324 

468 

0 

22 

214 

10 

36 

306 

309 

356 

340 

326 

328 

326 

322 

331 

338 

387 

17 

17 

216 

11 

60 

298 

293 

300 

319 

322 

330 

360 

362 

347 

345 

396 

2 

16 

260 

10 

60 

280 

290 

294 

305 

322 

364 

339 

343 

338 

341 

376 

19 

40 

268 1 

11 

46 












Hourly Values — oontkhiied. 


V— April, 1911. 

OSOOfly (-08 C.d.s. Unit) + 


jjay. 

Olu 

Ih. 

2h. 

3 1k 

4 h. 

5h. 

Oil, 

7]|. 

'a h. 

0 h," 

10 Ik 

] 1 li. 

12 h. 

13 hf 

14 h. 


Y 

Y 

Y 

y. 

Y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

1 

343 

318 

319 

314 

326 

323 

332 

330 

366 

342 

328 

298 

282 

294 

292 

2 

319 

323 

326 

322 

319 

330 

332 

330 

328 

349 

343 

328 

292 

267 

284 

3 

319 

322 

328 

334 

324 

361 

338 

326 

323 

322 

240 

230 

270 

292 

284 

4 

336 

333 

324 

326 

320 

326 

33G 

318 

332 

337 

349 

318 

307 

305 

314 

c 

375 

404 

371 

367 

360 

366 

357 

347 

333 

330 

333 

338 

346 

349 

349 

6 

357 

369 

3B3 

361 

366 

349 

349 

351 

367 

364 

364 

363 

343 

330 

338 

7 

363 

361 

363 

349 

343 

345 

346 

341 

332 

311 

322 

313 

317 

322 

324 

8 

340 

346 

342 

342 

343 

341 

342 

362 

352 

355 

365 

346 

332 

319 

322 

9 

378 

460 

389 

371 

343 

369 

361 

347 

318 

303 

299 

314 

322 

301 

333 

10 

641 

612 

436 

391 

379 

384 

385 

383 

369 

341 

336 

323 

317 

337 

349 

11 

380 

371 

380 

383 

378 

360 

343 

349 

359 

311 

311 

330 

330 

340 

366 

12 

366 

366 

366 

366 

366 

362 

360 

362 

371 

384 

372 

356 

366 

330 

346 

13 

384 

444 

429 

410 

399 

389 

372 

366 

387 

— 


— 

— 




14 

— 

— 

— 


— 

— 

— 

— 

— 

351 

357 

360 

352 

349 

338 

15 

365 

366 

365 

365 

366 

362 

362 

301 

362 

350 

366 

361 

349 

343 

336 

16 

366 

366 

366 

361 

369 

366 

366 

364 

361 

368 

357 

366 

323 

323 

336 

17 

382 

407 

406 

407 

407 

407 

396 

406 

388 

303 

370 

388 

383 

380 

361 

18 

417 

411 

408 

389 

382 

397 

393 

396 

382 

363 

376 

389 

418 

411 

392 

19 

636 

681 

621 

462 

408 

384 

399 

386 

376 

37G 

336 

353 

304 

361 

378 

20 

430 

429 

420 

404 

401 

393 

383 

388 

374 

309 

382 

334 

353 

369 

350 

21 

426 

426 

397 

401 

407 

379 

370 

369 

360 

372 

357 

363 

372 

376 

368 

22 

418 

422 

477 

466 

396 

408 

386 

387 

374 

383 

370 

370 

372 

374 

378 

23 

431 

430 

440 

436 

401 

397 

388 

374 

374 

370 

3(5(5 

351 

301 

370 

370 

24 

429 

418 

421 

401 

380 

376 

378 

306 

361 

361 

353 

331 

360 

347 

360 

25 

603 

460 

448 

440 

430 

402 

389 

380 

382 

370 

366 

350 

349 

351 

379 

26 

396 

406 

398 

397 

392 

391 

383 

378 

382 

372 

364 

357 

368 

300 

369 

27 

389 

388 

392 

388 

402 

399 

382 

376 

374 

371 

364 

357 

367 

361 

357 

28 

391 

388 

388 

388 

387 

392 

391 

388 

384 

384 

389 

361 

376 

3(58 

359 

29 

— 

— 

— 





389 

393 

398 

395 

361 

370 

309 

305 

30 

426 

426 

414 

406 

399 

388 

398 

393 

382 

395 

391 

391 

370 

378 

372 







V-.- 

•May, 














tl70i)riyH17 (!.(J.S. lltiiU - 1 - 




- - - 


1 

1066' 

1060" 

1061 

rOBO 

J04T 

1028 

1(K)9 

1013 ^ 

KX)2 

1002 

981 

970 

980 

989 


2 

996 

996 

999 

1000 

1006 

1000 

996 

1004 

998 

1000 

1{K)3 

998 

987 

987 

989 

3 

1008 

1009 

1008 

1019 

1003 

1012 

KHM 

1006 

1003 

9‘)9 

991 

987 

990 

5)90 

999 

4 

1002 

lOU 

1019 

1010 

1013 

1002 

on-i 

984, 

983 

991 

991 

993 

984 

987 

987 

15 

993 

994 

990 

993 

993 

im 

993 

!)93 

994 

991 

993 

993 

986 

990 

985 

6 

1017 

KKX) 

1004 

1002 

993 

984 

979 

984 

981 

980 

981 

9(58 

662 

962 

971 

7 

1000 

996 

994 

1(X)0 

997 

996 

989 

991 

985 

974 

957 

9(50 

964 

i 960 

966 

8 

1160 

nil 

1127 

1141 

1097 

1074 

1064 

104(1 

1029 

1029 

1027 1 

1013 ! 

1008 

993 

998 

9 

1026 

1019 

1017 

1018 

1010 

1010 1010 

1010 

1013 

1(K)8 

10(H 

995 : 

ilOOfi 

KK)2 

1004 

10 

1018 

1023 

1029 

1022 

1037 

1048 ;]027 

1025 

1008 

1010 

KKM 

1012 1 

996 

UX)3 

1006 

11 

1016 

1003 

1010 

1006 

1019 

1014 ;10()3 

1014 

1013 

1(K)8 

1003 

997 ' 

1010 ' 

1(K)6 

1004 

12 

1006 

1019 

1040 

1079 

1067 

1036 

1062 

1031 

1038 

101(5 

1000 

1002 

1012 : 

1013 

1008 

13 

1017 

1016 

1019 

1029 

1017 

1017 

1021 

1013 

1008 

1008 

1(X)4 

1000 

lOO-l 1 

KXX) 

1002 

14 

1016 

1008 

1008 

1008 

1006 

1003 

1006 

1008 

1006 

100(5 

1(K)3 

999 

1004 

1(X)3 

1000 

16 

1048 

1026 

1019 

1013 

1012 

1013 

1030 

1036 

984 

1013 

993 

998 

986 

976 

993 

16 

1067 

1066 

1038 

1038 

1032 

1019 

1008 

1008 

1(K)8 

1014 

1010 

1023 

1016 

1006 : 

1012 

17 

1098 

1089 

1099 

1092 

1078 

1041 

1031 

1036 

1019 

1010 

1014 

1012 

1016 

1018 1019 

18 

1066 

1070 

1067 

1080 

1061 

1035 

1026 

1013 

1008 

1012 

1023 

1018 

1018 

1013 

1014 

19 

1046 

1046 

1069 

1062 

1042 

1018 

1010 

1008 

1004 

1010 

999 

994 

1002 

ia)C 

1014 

20 

1048 

1076 

1092 

1048 

1046 

1019 

1014 

1017 

1004 

1012 

998 

1(XK) 

1012 

1010 

1003 

21 

1076 

1070 

1097 

1071 

1040 

1041 

1029 

1029 

1027 

1027 

1010 

1014 

1010 

1000 

1010 

22 

nil 

1079 

1060 

1062 

1061 

1069 

1026 

1023 

1021 

1013 

1029 

1023 

1029 

1023 

1029 

23 

1040 

1040 

1036 

1033 

1026 

1026 

1023 

1021 

1026 

1021 

1027 

1010 

1027 

1022 

1017 

24 

1036 

1037 

1038 

1027 

1022 

1017 

1014 

1022 

1027 

1018 

1017 

1025 

1017 

1014 

1013 

25 

1026 

1029 

1040 

1038 

1013 

1006 

1003 

1016 

1022 

1022 

1019 

1021 

1016 

1013 

1014 

26 

1027 

1061 

1083 

1082 

1084 

1061 

1048 

1048 

1038 

1040 

1000 

1013 

1010 

lOOO 

997 

27 

1018 

1019 

1000 

1006 

990 

1002 

1002 

993 

989 

990 

987 

985 

981 

979 

980 

28 

1033 

1013 

1016 

1013 

989 

996 

994 

990 

997 

989 

987 

989 

981 

987 

996 

29 

1013 

1000 

996 

995 

999 

998 

1006 

1006 

999 

994 

995 

995 

994 

991 

991 

30 

998 

998 

999 

994 

999 

994 

986 

996 

989 

997 

993 

993 

991 

990 

985 

31 

1004 

1023 

1064 

1069 

1054 

1044 

1026 

1017 

1010 

1004 

995 

983 

976 

976 

980 


49G 



Houely Values — continued. 


V— April, 1911. 


«8(I00>'(-C8 C.G.S. Unit) + 

Maximiinv Roadhii' 

Minimum R'sading 

15 h. 

15 h. 

17 k 

IS li. 

10 h. 

20 Ii. 

21 h. 

22 h. 

23 h. 

24 h. 

mill I’iniH. 

and Time. 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

h. 

in. 

y 

h. 

in. 

388 

292 

296 

301 

311 

313 

322 

322 

320 

310 

392 

7 

57 

2(57 

11 

22 

m 

311 

311 

215 

318 

320 

230 

336 

321 

3J0 

362 

7 

15 

248 

13 

7 

202 

295 

202 

309 

310 

320 

327 

330 

342 

336 

362 

.5 

12 

254 

11 

35 

318 

324 

340 

341 

319 

347 

352 

368 

376 

375 

378 

23 

10 

294 

12 

43 

343 

338 

343 

351 

352 

355 

353 

353 

352 

357 

419 

1 

0 

309 

0 

5 

320 

326 

338 

343 

343 

346 

310 

350 

364 

363 

368 

22 

38 

313 

15 

5 

326 

327 

336 

341 

343 

347 

351 

343 

343 

340 

359 

1 

63 

290 

0 

35 

326 

332 

337 

345 

349 

365 

357 

349 

346 

378 

381 

23 

50 

298 

23 

25 

334 

366 

372 

426 

448 

437 

431 

497 

527 

641 

553 

23 

20 

282 

0 

43 

333 

364 

393 

391 

372 

368 

364 

378 

390 

380 

656 

0 

30 

270 

11 

30 

366 

357 

362 

356 

35i) 

361 

366 

365 

368 

365 

e301 

0 

10 

205 

0 

26 

302 

349 

349 

359 

387 

383 

406 

402 

374 

384 

433 

21 

3 

322 

13 

0 

— 

— 

— 

-- 

- 

— 

.... 


— 

— 

490 

I 

10 

315 

7 

1 

328 

330 

331 

352 

360 

361 

366 

361 

365 

365 

370 

20 

30 

323 

15 

10 

336 

352 


356 

365 

365 

366 

366 

366 

36(5 

374 

2 

15 

32(5 

14 

32 

342 

352 

368 

378 

381 

397 

395 

387 

381 

385 

•104 

20 

20 

317 

12 

7 

411 

! 406 

301 

385 

445 

; 490 

509 

433 

430 

417 

519 

20 

40 

340 

13 

45 

368 

370 

389 

392 

388 

378 

414 

470 

471 

636 

5(58 

24 

0 

317 

8 

35 

391 

410 

dl7 

418 

441 

421 

418 

410 

429 

430 

713 

0 

32 

319 


3S 

360 

411 

425 

431 

440 

459 

469 

433 

433 

425 

469 

20 

16 

30!) 

10 

40 

385 

376 

449 

433 

407 

433 

421 

m 

411 

418 

4(35 

20 

13 

340 

7 

48 

374 

300 

433 

455 

431 

426 

414 

m 

420 

431 

532 

2 

23 

344 

10 

45 

410 

378 

370 

412 

412 

420 

448 

m 

437 

429 

451 

2 

9 

33(5 

10 

52 

350 

353 

363 

382 

383 

401 

376 

403 

450 

603 

510 

23 

56 

327 

(0 

30 

395 

388 

383 

416 

416 

406 

397 

307 

303 

395 

525 

0 

10 

325 

.10 

10 

384 

378 

380 

398 

402 

420 

403 

303 

391 

389 

42(5 

10 

38 

347 

10 

51 

372 

372 

370 

385 

385 

399 

414 

403 

396 

391 

42.1 

d 

7 

340 

11 

13 

372 

383 

384 

376 

387 

395 

431 

— 




515 

21 

27 

340 

12 

30 

396 

308 

387 

382 

380 

452 

423 

416 

422 

426 

490 

10 

57 

355 

13 

23 

369 

374 

387 

385 

382 

459 

54(» 

401 

446 

44fi 

(5(57 

20 

28 

357 

12 

2 


V-— May, 1911. 

«7(>00>'(-(l7 tUJ.M. Unif.) ’ 


JOOO 

1008 

1(K)4 

1006 

1004, 

1004 

1004 

1003 

l(k)3 

99(5 

1073 

1 

n 

951 

11 

28 

995 

1006 

005 

904 

1010 

1013 

1073 

1031 

1013 

1008 

1(07 

20 

53 

977 

13 

23 

994 

080 

080 

004 

006 

1014 

1015 

1009 

1003 

1002 

1027 

3 

12 

978 

10 

2 

987 

991 

991 

003 

008 

997 

003 

991 

993 

993 

1027 

2 

3 

9(54 

8 

9 

987 

090 

080 

080 

1008 

1002 

994- 

007 

1004 

1017 

1027 

23 

05 

979 

8 

51) 

975 

081 

080 

003 

097 

005 

003 

001 

698 

ilOOO 

1023 

0 

0 

960 

n 

15 

078 

083 

090 

1003 

1031 

1045 

1084 

1069 

1090 

1150 

11(50 

24 

0 

952 

10 

1 

1006 

1010 

;ioi8 

1052 

1046 

1(141 

1067 

1040 

1029 

1025 

1177 

0 

7 

988 

13 

3 

1008 

100(5 

I0U6 

10] 3 

1023 

1025 

1023 

1021 

1017 

lOJH 

1032 

0 

37 

988 

10 

35 

1008 

1006 

1008 

1010 

1017 

1022 

1022 

1023 

1025 

1016 

10(51 

3 

47 

987 

11 

38 

1010 

1006 

1004 

1004 

1004 

100(5 

1006 

100(5 

1080 

100(5 

j029 

9 

43 

983 

10 

5 

1013 

1020 

1025 

1082 

1060 

1036 

1029 

1017 

101(5 

1017 

1120 

3 

7 

989 

9 

60 

1003 

1002 

1006 

1006 

iOlO 

1018 

1027 

1031 

1020 

101(5 

1037 

20 

43 

998 

11 

20 

1000 

1002 

900 

997 

999 

1002 

1006 

1035 

1062 

1048 

1069 

23 

27 

993 

10 

43 

1010 

1029 

1076 

1131 

1120 

1071 

1078 

1097 

1071 

1067 

1187 

18 

37 

961 

12 

33 

1150 

1093 

1149 

1204 

1121 

1079 

1132 

1141 

1121 

1098 

1421 1 

17 

22 

994 

8 

30 

1016 

1029 

1033 

1067 

1118 

1101 

1094 

1086 

11086 

1065 

1137 

18 

42 

990 

1 11 

28 

1014 

1086 

1055 

1045 

1079 

1051 

1063 

1046 

1037 

1046 

1112 

16 

0 

993 

8 

60 

1022 

1004 

1022 

1099 

1031 

1059 

1146 

1064 

1038 

1048 

1197 

20 

48 

972 

9 

58 

1016 

1037 

1023 

1027 

1027 

1029 

1045 

1083 

1069 

1076 

1102 

1 

57 

985 

9 

13 

1031 

1026 

1026 

1027 

1029 

1031 

1037 

1162 

1236 

nil 

1414 

22 

22 

995 

10 

3 

1029 

1029 

1037 

1042 

1063 

1042 

1040 

1038 

1038 

1040 

1109 

0 

1 

1006 

7 

28 

1023 

1026 

1027 

1031 

1038 

1036 

1031 

1031 

1036 

1036 

1056 

19 

2 

1010 

7 

56 

1021 

1019 

1023 

1029 

1032 

1036 

1035 

1031 

1032 

1026 

1041 

20 

0 

998 

12 

62 

1014 

1018 

1019 

1021 

1029 

1023 

1026 

1023 

1022 

1027 

1048 

2 

0 

996 

6 

63 

1000 

990 

987 

987 

990 

990 

991 

991 

997 

1018 

1099 

3 

26 

976 

16 

43 

1022 

1010 

991 

989 

990 

1032 

1067 

1041 

1040 

1033 

1078 

16 

18 

970 

12 

8 

997 

998 

994 

1016 

1029 

101(5 

1021 

1029 

1019 

1013 

1046 

18 

53 

978 

12 

20 

994 

993 

996 

997 

1017 

1006 

999 

995 

999 

998 

1023 

18 

35 

981 

13 

7 

979 

980 

983 

987 

990 

987 

985 

991 

990 ; 

1004 

1008 

24 

0 

972 

.10 

32 

987 

1000 

1004 : 

1006 

1023 

1031 

1014 : 

1017 ; 

1046 : 

1086 

1086 

23 

67 

962 

12 

14 


497 


2l 



Hourly Values — continued. 

V — June, 1911. 


osoooy (-08 O.G.R. Unit) + 



Oil. 

Ih. 

2Ii. 

3h. 

4h. 

5h. 

! Oh. 

7h. 

8 1i. 

9h. 

10 h. 

11 h. 

12 h. 

1 13 h. 

14 h 


V 


V 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

y 

7 

7 

1 

272 

266 

246 

228 

217 

203 

192 

189 

173 

166 

164 

168 

166 

162 

165 

2 

213 

242 

250 

243 

204 

196 

185 

177 

170 

161 

173 

162 

166 

185 

176 

3 

196 

192 

196 

196 

198 

196 

194 

190 

192 

191 

178 

178 

180 

186 

186 

4 

191 

192 

194 

196 

201 

203 

194 

181 

181 

177 

178 

166 

166 

172 

177 

5 

192 

198 

196 

198 

194 

199 

191 

194 

200 

201 

200 

188 

176 

180 

181 

6 

200 

198 

186 

188 

205 

190 

173 

176 

186 

196 

188 

194 

186 

181 

178 

7 

327 

262 

264 

242 

218 

203 

186 

181 

181 

186 

188 

188 

188 

206 

213 

8 

200 

199 

199 

199 

196 

196 

198 

182 

188 

188 

180 

184 

184- 

186 

191 

9 

196 

196 

196 

198 

194 

190 

196 

188 

186 

186 

182 

176 

181 

180 

186 

10 

186 

188 

191 

190 

186 

180 

186 

178 

169 

162 

167 

163 

161 

154 

182 

n 

214 

207 

210 

213 

178 

177 

182 

180 

177 

— 

— 

— 





12 

— 

— 

— 

— 

— 

— 

— 

— 

— 

181 

181 

192 

196 

199 

203 

13 

252 

262 

238 

209 

203 

199 

188 

194 

185 

178 

171 

176 

172 

184 

192 

14 

308 

284 

270 

261 

276 

249 

226 

207 

210 

207 

204 

192 

200 

194 

198 

16 

233 

226 

223 

207 

211 

200 

194 

i 188 

196 i 

1 199 

i 186 

196 

206 

205 

198 

16 

209 

209 

209 

200 

204 

201 

190 

194 

192 

182 

188 

200 

200 

200 

200 

17 

207 

206 

198 

200 

207 

207 I 

198 

194 

188 

181 

186 

184 

188 

196 

194 

18 

218 

210 

207 

204 

201 

198 

194 

194 

196 

198 

199 

196 

195 

192 

194 

19 

219 

216 

207 

200 

1 199 

196 

198 

194 

194 

188 

188 

191 

190 

191 

200 

20 

218 

210 

207 

211 

207 

204 

201 

201 

199 

184 

186 

186 

191 

186 

188 

21 

219 

223 

229 

226 

214 

218 

211 

213 

211 

201 

213 

204 

206 

210 

204 

22 

260 

242 

243 

237 

232 

247 

249 ' 

224 

223 

226 

220 

218 

213 

206 

234 

23 

310 

284 

246 

242 

233 

232 

233 

230 

232 

224 

220 

217 

215 

218 

218 

24 

306 

284 

299 

318 

267 

243 

237 

224 

— 

. .. 

, 



218 

226 

232 

26 

229 

228 

226 

226 

224 

224 

226 

224 

224 

219 

220 1 

222 

224 

224 

224 

26 

226 

226 

230 

228 

228 

232 

228 

226 

226 

222 

224 1 

219 

218 

220 

224 

27 

224 

224 

226 

229 

230 

226 

226 

224 

223 

224 

226 

224 

224 

224 

224 

28 

233 

230 

229 

232 

232 

230 

234 

229 

228 

224 

224 , 

218 

220 

222 

217 

29 

264 

266 

271 

246 

236 

228 

232 

226 

222 

219 

224 

217 

219 

209 

222 

30 

260 

253 

237 

232 

228 

232 

230 

229 

229 

226 

228 1 

224 

224 

228 

232 


y— July, 1911. 


1 

207 

218 

220 

211 

198 

192 

189 

190 

186 

182 

176 

171 

171 

171 

179 

2 

253 

258 

228 

236 

246 

266 

246 

217 

211 

197 

203 

199 

202 

194 

224 

3 

224 

221 

246 

221 

203 

206 

216 

198 

199 

186 

193 

202 

198 

193 

192 

4 

274 

249 

245 

236 

226 

238 

230 

224 

225 

213 

197 

203 

206 

: 198 

202 

6 

240 

224 

213 

207 

216 

216 

211 

216 

206 

202 

200 

203 

202 

202 

207 

6 

213 

207 

216 

219 

217 

216 

216 

207 

207 

201) 

201 

194 

201 

202 

203 

7 

217 

213 

216 

216 

2] 3 

209 

197 

190 

194 

205 

192 

198 

211 

202 

200 

8 

270 

243 

226 

238 

230 

203 

183 

174 

162 

171 

154 

166 

162 

; 201 

194 

9 

236 

213 

200 

207 

201 

186 

174 

187 

ino 

181 

162 

171 

179 

1G6 

173 

10 

228 

228 

203 

203 

190 

174 

171 

164 

106 

107 

160 

166 

102 

106 

171 

11 

190 

222 

226 

213 

194 

165 

179 

190 

173 

166 

160 

161 

150 

150 

173 

12 

197 

194 

188 

177 

177 

173 

171 

156 

168 

105 

152 

162 

169 

174 

178 

13 

206 

194 

182 

183 

183 

181 

163 

162 

162 

149 

145 

162 

160 

167 

160 

14 

169 

169 

166 

162 

162 

169 

169 

158 

155 

162 

162 

103 

165 

169 

169 

16 

187 

179 

177 

167 

100 

168 

164 

146 

166 

IDl) 

165 

160 

154 

164 

164 

16 

179 

183 

178 

176 

171 

171 

167 

162 

162 

165 

160 

156 

168 

166 

168 

1 1 

1 o 


— 

— 

— 

— 

— 

160 

169 

169 

162 

161 

166 

168 

160 

168 

18 

1 n 

176 

179 

178 

179 

175 

(171) 

(166) 

162 

166 

168 

162 

166 

168 

159 

169 

19 

O/A 

166 

177 

170 

160 

168 

146 

141 

130 

122 

141 

118 

114 

117 

117 

116 

20 

168 

ini 

188 

192 

174 

183 

183 

194 

141 

139 

141 

126 

130 

133 

135 

120 

21 

164 

*1 met 

164 

162 

160 

164 

141 

133 

127 

146 

133 

133 

133 

139 

139 

137 

OQ 

162 

160 

162 

165 

168 

169 

130 

130 

127 

126 

130 

121 

122 

129 

129 

2o 

f}A 

169 

"t AO 

163 

160 

182 

163 

162 

166 

166 

141 

126 

130 

133 

129 

131 

133 

24: 

OK 

148 

1^6 

160 

162 

166 

164 

143 

145 

141 

144 

139 

136 

133 

133 

129 

20 

OA 

137 

1 AK 

146 

144 

146 

166 

166 

162 

144 

141 

143 

141 

136 

143 

148 

140 

20 

146 

146 

144 

143 

162 

162 

146 

162 

146 

136 

139 

146 

143 

139 

137 

2/ 

146 

"l A A 

148 

1 i i 

160 

166 

164 

164 

164 

149 

144 

149 

144 

140 

137 

133 

133 

2o 

29 

30 

144 

278 

216 

144 

220 

211 

143 

232 

187 

143 

213 

206 

143 

186 

182 

144 

160 

166 

144 

160 

162 

143 

164 

166 

137 

163 

144 

133 

162 

140 

136 

166 

149 

133 

162 

168 

131 

164 

148 

123 

148 

162 

123 

162 

162 

Ol 

171 

169 

167 

174 

186 ■ 

194 

182 

162 

149 

149 

160 

146 

149 

146 

141 


4=98 



Houely Values — conlmued. 


V— June. 1911. 


'asOOOy (-08 o!g.S. Unit) + 

15 h. 10 h. 17 1). |18_1 k I'J li. 20 h. 21 li. 22 h. 

y y y ^ y y y y y 

202 189 198 190 208 215 228 230 

161 170 171 176 m 181 190 194 

186 204 207 201 200 198 J94 194 

186 188 192 198 198 199 194 194 

166 188 186 191 192 226 312 243 

186 188 192 191 190 194 201 242 

207 209 210 217 219 220 229 209 

190 186 222 228 210 205 201 200 

186 186 182 192 192 194 192 191 

207 196 277 291 24 3 280 255 236 

199 20 1 24 1 371 304 287 256 222 

194 201 230 219 22(i 274 255 249 

206 203 210 275 285 256 270 281 

203 218 228 220 217 223 229 226 

198 199 198 201 219 217 209 220 

204 211 205 207 215 220 214 218 

192 199 198 198 201 200 199 207 

199 203 213 209 209 213 220 232 

190 192 199 239 218 214 211 228 

210 203 209 207 224 226 219 230 

226 242 245 239 233 258 264 261 

220 223 226 228 245 266 251 285 

224 223 224 224 228 229 233 232 

224 220 224 228 228 234 232 228 

223 217 217 219 224 228 224 224 

224 226 226 228 226 220 232 233 

219 222 220 224 226 232 232 233 

223 220 245 242 242 249 252 256 

230 232 232 230 233 226 226 228 


Maximum Eoading Minimum Reading 
’3 iT iTii” Time. and Time. 

y y y h. in. y | h. m. 

215 213 296 0 23 151 11 53 

189 196 256 1 22 160 8 60 

191 191 228 1 6 8 176 10 45 

192 192 206 5 0 163 11 22 

209 200 424 20 35 163 13 19 

281 327 361 23 38 163 7 48 

204 200 323 0 0 171 7 50 

198 196 255 17 20 171 7 0 

188 180 204 4 30 166 11 15 

218 214 317 17 58 133 8 36 

__ 242 2 46 157 7 36 

233 252 460 17 43 161 9 36 

264 308 310 1 9 4 3 158 7 47 

262 233 323 0 20 188 10 42 

214 209 249 17 30 173 7 17 

218 207 232 18 41 180 9 10 

220 218 226 19 47 171 9 .33 

214 219 226 0 32 190 12 66 

218 218 239 22 2 186 9 16 

224 219 256 17 66 177 9 45 

234 260 252 24 0 194 10 47 

270 310 323 24 0 194 10 30 

300 306 361 0 5 209 12 10 

233 229 354 2 32 209 11 43 

226 226 245 19 46 213 8 65 

224 224 236 6 7 214 16 55 

232 233 238 8 65 216 9 10 

24 2 264 266 24 0 216 1 3 55 

264 260 284 1 46 209 12 50 

232 245 261 0 0 221 7 59 


V — July, 1911. 


186 182 189 207 245 230 209 224 

228 203 211 224 228 231 262 258 

205 209 217 240 234 292 326 282 

207 207 209 209 213 217 221 228 

209 203 203 216 224 221 216 211 

206 206 207 207 207 207 215 228 

187 171 209 184 178 178 200 311 

201 188 203 190 197 248 247 329 

177 178 182 187 186 190 187 206 

177 192 182 188 186 183 187 177 

171 177 181 178 276 282 229 213 

179 178 184 179 179 224 249 240 

167 163 169 168 164 168 168 167 

160 162 175 182 186 182 192 192 

164 167 167 171 167 162 168 171 

169 171 169 178 173 171 171 171 

162 162 162 173 169 181 186 184 

159 160 168 166 179 213 169 169 

141 137 167 229 173 160 167 216 

133 158 148 164 186 267 220 177 

143 137 146 140 145 164 149 162 

146 139 141 143 169 165 162 221 

139 146 146 164 162 173 168 162 

136 136 137 140 144 137 137 136 

141 146 146 148 149 146 146 146 

139 139 136 146 144 146 146 146 

136 139 139 139 139 1 39 143 146 

129 137 141 141 143 160 152 154 

164 162 150 167 168 211 238 213 

164 169 168 168 176 173 196 229 

164 171 162 160 141 178 263 261 


266 253 298 18 38 104 10 47 

23(> 224 2i)7 5 2 170 8 59 

268 274 626 20 25 173 8 57 

228 240 272 0 3 186 9 56 

215 213 245 0 13 187 9 8 

222 217 230 22 15 186 10 40 

276 270 330 22 3 171 20 30 

289 236 391 22 10 139 11 30 

215 228 249 0 0 14 (i 10 0 

183 1!)0 241 0 43 164 7 28 

200 197 4 42 19 5 129 II 50 

228 206 279 20 19 146 9 53 

168 169 207 0 36 133 10 27 

186 187 198 21 46 150 8 0 

178 179 197 1 53 144 7 20 

173 173 192 17 56 147 8 20 

177 175 199 21 9 138 8 57 

168 165 238 19 46 146 10 6 

187 168 270 17 44 101 9 43 

162 164 302 19 41 111 9 13 

162 162 171 19 30 117 10 10 

184 169 251 22 0 112 10 35 

164 148 188 3 22 118 9 20 

133 137 168 3 40 126 13 40 

146 145 166 4 25 130 10 17 

146 146 158 8 48 126 9 10 

143 144 162 3 43 129 13 12 

247 278 402 23 21 116 13 60 

192 216 271 0 23 131 10 39 

192 171 261 21 39 123 8 I 

220 1 201 390 21 19 126 8 6 


499 


2i2 



Hourly Values — continued. 

V — ^August, 1911. 


68000y (-68 O.G.S. Uaib) + 


Jjay. 

"oh. 

Ih. 1 

2h/ 

nil. 


5iir 

6h. 

7K 

Sh. 

n h. 

10 h. 

11 h. 

12 h. 

]3 h. 

U h. 


y 

Y 

y 

y 

y 

y 

y 

y 

V 

y 

Y 

Y 

Y 

Y 


1 

201 

187 

181 

167 

160 

168 

164 

156 

141 

149 

146 1 

133 

123 

121 

116 

2 

130 

139 

144 

136 

144 

133 

136 

130 

133 

131 

133 1 

139 

133 

131 

130 

3 

152 

152 

152 

160 

150 

U9 

152 

154 

162 

149 

162 i 

144 

143 

145 

136 

4 

169 

171 

174 

159 

149 

146 

146 

145 

143 

135 

130 

131 

123 

133 

160 

6 

182 

168 

163 

158 

163 

171 

171 

165 

135 

129 

141 

140 

120 

133 

144 

6 

166 

150 

164 

182 

171 

162 

140 

136 

141 

140 

127 

137 

135 

139 

M4 

7 

168 

156 

164 

168 

159 

164 

152 

146 

140 

139 

139 

141 

133 

135 

136 

8 

160 

149 

148 

152 

148 

143 

140 

143 

146 

144 

148 

146 

140 

143 

143 

9 

148 

162 

164 

152 

149 

141 

140 

141 

144 

146 

140 

144 

139 

141 

114 

10 

146 

146 

146 

152 

162 

143 

144 

136 

141 

143 

141 

143 

141 

M3 

141 

n 

166 

162 

152 

150 

146 

145 

146 

144 

140 

145 

143 

139 

139 

141 

139 

12 

164 

164 

154 

160 

148 

146 

143 

137 

139 

139 

137 

133 

143 

143 

146 

13 

162 

150 

150 

146 

149 

146 

137 

141 

140 

1-15 

140 

136 

139 

145 

M5 

14 

169 

164 

158 

158 

152 1 

150 

149 

144 

140 

143 

148 

149 

139 

(138) 

137 

15 

176 ! 

174 

169 

166 

156 

160 

156 

152 

155 

148 

1-18 

M5 

144 

130 

137 

1() 

158 

162 

174 

171 

1 Gi- 

166 

160 

143 

14-3 

139 

140 

Ml 

133 

M3 

l-M 

17 

176 

176 

173 

169 

les 

162 

150 

166 

169 

163 

163 

159 

154 

M4 

M3 

18 

168 

171 

173 

168 

102 

166 

,162 

164 

164 

162 

144 

135 1 

MG 

130 

M8 

19 

163 

164 

164 

166 

164 

162 

169 

156 

160 

146 

162 

150 

143 

152 

143 

20 

163 

179 

183 

183 

179 

178 

152 

148 

143 

136 

131 

121 

129 

130 

137 

21 

171 

165 

167 

175 

178 

165 

160 

158 

160 

146 

149 

154 

115 

MO 

M5 

22 

143 

146 

166 

149 

140 

135 

136 

133 

131 

129 

123 

127 

131 

131 

127 

23 

146 

144 

140 

139 

140 

137 

137 

133 

139 

136 

136 

129 

120 

133 

126 

24 

209 

177 

187 

266 

306 

221 

187 

186 

202 

173 

163 

148 

155 

159 

133 

25 

239 

232 

216 

186 

160 

158 

171 

173 

169 

160 

146 

152 

115 

148 

162 

26 

266 

248 

221 

200 

175 

162 

162 

164 

162 

136 

169 

103 

102 

159 

162 

27 

198 

174 

194 

179 

177 

169 

174 

186 

178 

176 

162 

159 

107 

104 

166 

28 

207 

192 

263 

213 

179 

183 

167 

162 

154 

162 

148 

148 

145 

145 

M3 

29 

164 

163 

166 

i 160 

104 

155 

149 

141 

152 

136 

MO 

152 

MO 

150 

162 

30 

164 

162 

168 

j 169 

162 

168 

162 

149 

144 

146 

136 

139 

139 

no 

139 

31 

183 

183 

182 

1 168- 

179 

176 

162 

150 

140 

149 

115 

140 

J3() 

J33 

Ml 






V — Scutember, 

1911 








1 

183 

182 

182 

171 

166 

]5() 

M4- 

146 

137 

130 

M4 

139 

123 

131 

136 

2 

164 

156 

162 

160 

M8 

146 

146 

141 

154 

15-1 

Ml 

- 


— 

. — 

3 

ICO 

168 

260 

166 

150 

149 

146 

146 

MR 

1,36 

127 

120 

117 

117 

IM 

4 

131 

131 

131 

129 

127 

126 

127 

131 

131 

127 

123 

123 

J21 

118 

125 

6 

131 

131 

137 

137 

133 

1.31 

127 

127 

123 

123 

121 

121 

122 

11 J 

HR 

6 

MI 

J36 

140 

MO 

130 

127 

123 

121 

116 

107 

102 

120 

136 

127 

123 

7 

139 

143 

M3 

141 

139 

131 

131 

136 

133 

135 

126 

120 

129 

127 

125 

8 

148 

M3 

149 

146 

139 

130 

136 

133 

136 

120 

1.33 

120 

HR 

121 

120 

9 

160 

148 

146 

Ml 

146 

143 

144 

133 

129 

139 

133 

131 

127 

122 

121 

10 

Ml 

141 

140 

139 

141 

136 

131 

127 

]33 

121 

131 

126 

126 

125 

118 

11 

167 

103 

168 

158 

15,5 

152 

149 

144 

140 

139 

133 

J29 

120 

117 

120 

12 

146 

169 

175 

103 

160 

164 

144 

162 

164 

121 

103 

92 

95 

107 

106 

13 

165 

182 

173 

190 

177 

173 

164 

168 

150 

141 

145 

131 

127 

131 

136 

14 

203 

221 

216 

197 

167 

160 

148 

148 

140 

149 

149 

1-10 

J.19 

139 

J3l 

15 

168 

162 

164 

166 

165 

152 

Wi 

164 

143 

162 

169 

171 

164 

155 

155 

16 

178 

184 

187 

177 

164 

169 

166 

169 : 

169 

136 

159 

158 

144 

M5 

156 

17 

213 

228 

238 

201 

194 

176 

167 

109 1 

182 

166 

192 

U3 

136 

Ml 

143 

iO 

19 
















. 

■ ■ _ 







113 

151 

20 

171 

171 

169 

173 

169 

168 

173 

1,52 

169 

211 

183 

190 

165 

155 

152 

21 

1 304 

263 

213 

222 

213 

211 

196 

194 

181 

169 

173 

186 

177 

165 

175 

22 

, 247 

217 

263 

244 

277 

261 

222 

222 

217 

207 

224 

194 

188 

213 

197 

23 

270 

224 

216 

209 

206 

206 

198 

187 

179 

201 

181 

190 

169 

167 

160 

24 

194 

198 

213 

202 

209 

i 203 

190 

202 

202 

200 

187 

181 

200 

187 

188 

26 

198 

198 

188 

184 

179 

177 

166 

162 

167 

183 

176 

171 

163 

155 

156 

26 

194 

192 

186 

179 

178 

171 

1 174 

173 

169 

160 

166 

154 

166 

MB 

159 

27 

181 

177 

178 

178 

176 

176 

i 177 

181 

168 

173 

171 

168 

192 

171 

164 

28 

i 192 

184 

183 

179 

171 

169 

: 159 

141 

167 

169 

166 

149 

164 

152 

159 

29 

177 

176 

177 

174 

171 

I 173 

1 164 

156 

144 

122 

160 

MI 

152 

152 

154 

30 

1 176 

176 

171 

168 

163 

i 162 

1 160 

163 

169 

— 

— 

— 

— 


— - 


500 



Itl I). I 

y V 
122 120 
141 U3 
136 139 

146 146 

168 162 
178 173 

152 146 

144 144 

143 141 

141 143 

141 143 

146 146 

139 140 

146 149 

139 145 

146 160 

140 144 

141 141 

160 160 
137 165 

162 160 
130 135 

127 129 

148 173 

171 177 

149 152 

171 160 

144 165 

144 146 

146 146 

160 143 


139 166 

139 144 

118 125 

125 126 

118 123 

126 131 

129 129 

120 126 
123 122 

116 118 
126 121 
103 122 

127 140 

141 149 

162 164 

14.3 183 

160 177 

169 — 

166 217 

171 177 

177 167 

164 177 

176 177 

162 164 

166 166 
160 166 
166 160 
164 164 


Hourly Values — continued. 


V — ^Augu st, 191 1. 


(tSCRIOy {-GS C.G.|S 

!. Unit) 

+ 




Mtixiinnm Rending 

Iv h. 

18 h. 

10 h. 

20 1i. 

21 li. 

22 1j. 

23 h. 

24 li. 

and 

I’lmc. 


y 

y 

y 

y 

y 

y 

y 

y 

y 

h. 

m. 

117 

131 

127 

no 

125 

123 

122 

130 

202 

0 

22 

149 

149 

164 

166 

160 

ins 

164 

162 

169 

22 

40 

141 

155 

160 

162 

171 

205 

188 

109 

216 

21 

45 

177 

187 

188 

183 

171 

200 

200 

182 

211 

22 

27 

116 

114 

164 

166 

161 

lUO 

158 

156 

183 

0 

20 

162 

166 

164 

169 

160 

156 

164 

168 

211 

15 

30 

139 

164 

160 

167 

102 

149 

162 

160 

189 

18 

5 

146 

160 

162 

164 

154 

150 

162 

148 

157 

19 

7 

144 

144 

143 

143 

146 

113 

146 

146 

166 

9 

53 

144 

144 

146 

148 

162 

175 

178 

166 

187 

22 

53 

]4(» 

146 

146 

146 

146 

116 

162 

164 

168 

0 

10 

146 

146 

146 

154 

168 

156 

164 

162 

162 

21 

15 

146 

160 

165 

164 

200 

192 

174 

169 

221 

21 

23 

161 

166 

160 

169 

171 

165 

163 

176 

181 

20 

35 

148 

152 

160 

169 

162 

160 

168 

168 

192 

0 

20 

160 

181 

206 

211 

206 

200 

184 

176 

216 

20 

3 

45 

162 

164 

168 

160 

162 

167 

]64 

168 

179 

1 

118 

162 

155 

169 

169 

\m 

162 

163 

177 

1 

40 

162 

164 

160 

163 

163 

162 

169 

163 

171 

22 

no 

165 

156 

162 

174 

186 

177 

174 

171 

194 

20 

51 

154 

141 

137 

146 

149 

144 

143 

143 

179 

3 

31 

137 

136 

133 

137 

162 

144 

148 

146 

107 

2 

22 

129 

133 

133 

130 

113 

196 

213 

209 

235 

23 

27 

229 

196 

197 

187 

276 

299 

249 

239 

468 

21 

5 

168 

169 

202 

248 

234 

24,0 

217 

256 

208 

19 

25 

166 

155 

169 

176 

171 

211 

232 

198 

206 

0 

12 

168 

177 

194 

176 

174 

175 

194 

207 

219 

23 

37 

168 

160 

190 

201 

188 

173 

169 

164 

276 

2 

17 

150 

164 

166 

169 

166 

155 

168 

164 

171 

1 

12 

160 

164 

160 

164 

166 

107 

187 

183 

192 

23 

0 

146 

166 

169 

168 

244 

209 

202 

183 

264 

20 

54 


Minimiiin Reading 
and Tiiiio. 


y 

h. 

111. 

111 

12 

54 

118 

8 

15 

126 

9 

2 

117 

12 

0 

103 

11 

32 

116 

10 

8 

123 

11 

37 

137 

5 

55 

133 

10 

1 

133 

<) 

55 

131 

11 

10 

129 

11 

5 

131 

n 

10 

133 

12 

42 

131 

13 

25 

123 

11 

47 

126 

12 

55 

131 

13 

0 

139 

L4 

14 

108 

11 

10 

127 

18 

32 

122 

9 

41) 

116 

11 

35 

120 

14 

5 

120 

10 

35 

133 

0 

2 

133 

10 

5 

121 

8 

43 

no 

10 

47 

126 

11 

25 

lOH 

10 

55 


158 

163 

'i69 

163 

V— s 
168 

optci. 

168 

iibor, 

164 

144 

146 

140 

IM 

ICO 

169 

159 

120 

130 

131 

131 

131 

131 

131 

127 

126 

127 

127 

127 

129 

130 

123 

123 

127 

131 

154 

162 

140 

136 

136 

136 

136 

136 

139 

140 

133 

139 

144 

162 

143 

139 

162 

133 

141 

139 

136 

137 

143 

164 

130 

131 

140 

141 

144 

145 

141 

123 

131 

131 

127 

146 

149 

160 

131 

146 

144 

150 

162 

149 

118 

— 

— 

— 

— 

— 

— 


152 

164 

163 

160 

106 

194 

219 

146 

159 

169 

160 

160 

164 

169 

166 

174 

174 

174 

171 

171 

171 

167 

164 

268 

235 

229 

226 

209 

— 

— 

— i 

— 

— 

— 

i 

164 

169 

181 

183 

— 

— 

— 

168 

168 

169 

— 

169 

176 

174 

216 

211 

213 

246 

274 

266 

36C 

177 

177 

207 

247 

281 

329 

293 

222 

222 

220 

232 

210 

249 

344 

179 

213 

202 

209 

209 

200 

197 

182 

187 

184 

184 

186 

190 

192 

171 

179 

178 

179 

181 

182 

187 

165 

169 

176 

160 

160 

146 

179 

162 

166 

171 

171 

176 

181 

181 

166 

166 

168 

174 

177 

178 

174 

149 

167 

179 

177 

173 

176 

176 

— 

— 

— 

— 

— 

176 

171 


1911. 






164 

21H) 

0 

27 

114 

11 

4ft 

160 

1G9 

20 

3 

108 

U) 

12 

131 

161 

0 

26 

110 

14 

30 

131 

133 

9 

2 

116 

13 

0 

141 

164 

21 

12 

114 

13 

0 

139 

144 

23 

30 

96 

10 

4 

148 

163 

23 

26 

116 

12 

20 

160 

169 

23 

16 

107 

12 

15 

141 

162 

0 

23 

118 

7 

39 

107 

169 

24 

0 

111 

14 

13 

146 

173 

1 

2 

108 

11 

50 

166 

179 

1 

62 

89 

11 

30 

203 

234 

22 

30 

108 

12 

15 

168 

238 

1 

37 

123 

11 

20 

178 

183 

23 

60 

136 

8 

20 

213 

291 

18 

60 

126 

0 

17 


260 

1 

39 

121 

11 

45 

. 

186 

19 

46 

162 

16 

38 

171 

181 

22 

30 

1.36 

13 

10 

304 

376 

22 

63 

118 

14 

33 

247 

302 

22 

12 

143 

8 

60 

270 

366 

22 

39 

160 

16 

25 

194 

260 

0 

0 

160 

14 

23 

198 

234 

9 

17 

146 

10 

20 

194 

207 

0 

16 

146 

12 

30 

181 

198 

0 

16 

141 

10 

20 

192 

200 

11 

40 

146 

16 

0 

177 

196 

0 

36 

131 

7 

6 

176 

187 

10 

7 

112 

9 

0 

174 

180 

0 

66 

120 

6 

23 


601 


2l3 



174 177 176 

169 169 171 

194 194 198 

171 171 173 

167 168 169 

190 190 186 

188 187 187 

190 177 186 

222 209 213 

192 178 179 

196 196 194 

216 198 188 

167 166 162 

164 164 156 

164 169 168 

167 162 162 

171 192 209 

238 249 236 

209 201 194 

209 251 267 

209 206 219 

196 190 207 

164 181 174 

177 164 156 

201 171 190 

163 164 160 


Hourly Values — continued. 

V— October, 1911. 

asoooy (-08 O.G.S. Unit) + 


h. I 4 h, I 


y 


176 169 

171 171 

213 236 

177 175 
171 173 
184 178 
190 179 

183 202 
196 190 

184 177 
166 162 
181 162 
168 162 
162 160 
168 166 
162 160 
207 201 
234 228 
202 206 
246 261 
206 216 
206 197 
169 190 
166 168 
181 181 
169 144 


163 166 162 

169 166 163 

174 178 168 

168 163 168 

184 177 179 

169 168 163 

159 169 176 

196 181 177 

166 166 171 

167 162 149 

146 149 149 

202 171 187 

126 149 168 

148 164 141 

146 160 107 
166 166 148 

211 206 200 
206 183 186 

213 230 197 
196 203 184 

176 183 177 

188 186 162 
176 167 169 

194 164 171 

144 140 121 
141 190 162 


Oh. 

11 h. 

12 h. 1 

i;i h. 1 

14 h. 

y 

y 

n 

y 

y 

160 

166 

166 

166 

168 

L62 

178 

160 

166 

168 

158 

168 

152 

160 

168 

149 

149 

149 

154 

164 

173 

164 

137 

139 

141 

162 

148 

140 

136 

139 

164 

144 

139 

149 

168 

188 

175 

159 

162 

140 

133 

— 

— 

— 

— 

141 

129 

127 

127 

123 

143 

160 

143 

148 

154 

181 

139 

137 

111 

116 

136 

108 

160 

139 

129 

149 

111 

117 

111 

122 

166 

130 

lie 

110 

114 

137 

131 

136 

MO 

133 

194 

194 

184 

162 

162 

173 

152 

155 

165 

166 

167 

171 

177 

168 

160 

182 

167 

163 

166 

140 

160 

148 

114 

114 

129 

178 

139 

130 

162 

156 

123 

139 

137 

123 

143 

162 

139 

126 

110 

114 

85 

80 

' 

97 

106 

89 

196 

182 

144 

133 

160 

162 

1G5 

162 

156 

165 

165 

173 

116 

152 

177 

155 

144 

148 

MO 

152 

“'71' 


” 8-1'' 

' 86' 

“'64' 

79 

73 

68 

68 

78 

97 

78 

79 

33 

23 

uu 

122 

103 

82 

56 

66 

134 

120 

86 

106 

116 

105 

1)4 

94 

105 

96 

100 

84 

60 

83 

77 

6 

1 

25 

22 

-8 

134 

D6 

39 

56 

84 

44 

61 

62 

60 

73 

81 

75 

69 

37 

62 

119 

60 

88 

86 

94 

122 

124 

116 

122 

98 

134 

134 

126 

117 

97 

125 

125 

96 

84 

73 

111 

109 

90 

100 

86 

87. 

90 

82 

77 

71 

66 

60 

82 

78 

73 

30 

107 

30 

86 

74 

111 

31 

87 

100 

45 

73 

65 

62 

66 

48 

83 

77 

65 

73 

67 

84 

67 

41 

66 

46 

45 

37 

60 

60 

68 

109 

79 

67 

68 

71 

71 

71 

68 

39 

18 

30 

33 

62 

48 

33 

41 

30 

11 

21 

2 

76 

73 

74 

78 

77 


V — ^November, 1911. 

98 103 97' 106 “lOl 'oT 96 87 ' 

111 128 109 100 103 103 90 78 100 

136 130 113 107 120 86 67 S3 126 

126 113 122 109 113 149 125 109 122 

136 147 143 130 ISO 140 132 122 122 

168 177 178 180 181 161 151 164 119 

132 141 147 164 147 164 128 126 109 

132 136 140 132 138 128 117 103 111 

126 124 141 134 169 128 79 77 78 

113 103 101 98 69 46 73 76 132 

134 113 119 94 86 81 136 151 139 

113 121 117 111 103 117 90 97 94 

113 107 116 97 87 83 76 141 182 

214 208 226 177 161 119 117 107 IIC 

210 216 201 210 143 138 105 161 176 

149 162 143 147 125 117 132 121 124 

167 163 161 161 128 128 92 93 109 

164- 136 138 109 141 135 151 132 117 

106 128 132 132 1 36 136 109 97 88 

111 109 119 128 121 132 113 84 68 

122 121 113 106 79 67 81 79 107 

167 132 117 113 105 84 71 76 68 

98 106 97 97 100 78 93 71 96 

96 96 109 122 71 74 71 94 116 

101 97 98 93 88 92 90 86 93 

101 102 101 78 67 46 46 62 92 

109 106 102 97 96 96 74 77 73 

102 109 106 98 107 111 92 81 100 

113 116 106 109 113 111 98 90 71 

96 94 103 126 182 146 103 96 109 


602 






Kourly Values — continued. 


V — October, 1911. 


esoooy ( ■ os C.G.S. Unit) H- 

Maximum Roadiiig 

Minimum Reading 

15 h. i 

10 Ik 

17 h. 

18 Ik 

li) h. 

20 h. 

21 h. 

22 Ik 

211 li. 

at h. 

ana 'Lime. 


ana rimo. 


y 

y 

y 

y 

Y 

y 

Y 

y 

Y 

Y 

Y 

h. 

lU. 

Y 

h. 

m. 

164 

158 

169 

163 

165 

169 

171 

171 

171 

169 

182 

2 

55 

146 

9 

20 

168 

156 

169 

15G 

162 

168 

179 

196 

207 

194 

210 

23 

2 

141 

9 

21 

160 

169 

162 

167 

171 

179 

181 

175 

175 

171 

261 

3 

57 

143 

7 

45 

162 

164 

171 

169 

169 

168 

169 

169 

169 

167 

181 

3 

18 

133 

9 

60 

164 

164 

166 

164 

105 

165 

171 

171 

181 

190 

]96 

24 

0 

133 

11 

35 

154 

168 

156 

165 

168 

174 

178 

176 

i73 

183 

196 

0 

0 

127 

12 

DO 

160 

162 

164 

171 

181 

201 

194 

190 

183 

190 

203 

20 

20 

118 

12 

13 

140 

140 

162 

159 

177 

188 

187 

190 

205 

222 

228 

23 

45 

131 

16 

27 



— 

— 

169 

169 

169 

173 

194 

196 

192 

226 

0 

10 

— 

— 

- 

123 

135 

146 

154 

159 

169 

171 

178 

188 

196 

202 

23 

52 

108 

9 

26 

163 

178 

186 

229 

232 

267 

268 

264 

241 

216 

276 

20 

38 

133 

11 

28 

154 

167 

182 

163 

160 

164 

163 

162 

163 

167 

215 

9 

25 

93 

13 

30 

12G 

133 

143 

m 

165 

162 

163 

160 

160 

1(54 

194 

\) 

23 

96 

11 

3 

131 

137 

129 

M6 

149 

146 

154 

1(52 

104 

1(54 

187 

9 

5 

89 

11 

12 

129 

137 

130 

149 

168 

108 

173 

171 

171 

1(57 

179 

10 

32 

104 

13 

26 

133 

141 

139 

150 

140 

140 

146 

149 

158 

171 

173 

24 

0 

121 

14 

20 

154 

152 

145 

167 

175 

177 

181 

220 

235 

238 

251 

22 

24 

142 

16 

33 

140 

160 

166 

162 

168 

183 

186 

221 

241 

209 

253 

0 

54 

123 

9 

10 

162 

162 

164 

165 

171 

188 

203 

201 

201 

209 

253 

9 

5 

123 

10 

21 

144 

162 

162 

160 

160 

194 

207 

209 

207 

209 

279 

1 

22 

131 

14 

0 

133 

136 

162 

165 

173 

174 

181 

192 

205 

19(5 

227 

2 

3 

103 

12 

10 

IGO 

149 

162 

165 

162 

164 

165 

169 

168 

164 

222 

3 

42 

103 

12 

5 

150 

148 

165 

160 

163 

175 

174 

186 

182 

177 

200 

4 

43 

108 

9 

42 

125 

129 

1.33 

136 

149 

155 

162 

169 

186 

201 

220 

6 

0 

95 

13 

15 

102 

no 

122 

139 

137 

160 

171 

165 

162 

163 

- 207 

0 

3 

59 

9 

8 



— 

— 

— 

— 

— 


— 


— 

207 

6 

19 

44 

9 

42 

— 

162 

166 

167 

177 

177 

187 

192 

192 

187 

209 

23 

15 

143 

15 

30 

148 

149 

163 

171 

175 

181 

li)4 

194 

190 

190 

221 

7 

32 

126 

12 

48 

171 

169 

164 

109 

179 

180 

192 

184 

184 

181 

200 

7 

35 

133 

9 

36 

169 

169 

160 

173 

177 

171 

171 

184 

178 

181 

207 

1 

54 

102 

8 

33 

162 

166 

158 

163 

169 

175 

181 

183 

181 

179 

194 

4 

47 

130 

11 

26 


V — Novonilwr. 1911. 


49 50 58 73 77 83 106 111 

82 90 79 77 74 81 83 9(5 

37 44 83 83 90 107 113 115 

77 101 117 117 119 134 136 132 

63 84 88 108 117 J26 M3 118 

103 90 90 105 105 119 139 143 

93 94 101 116 124 122 124 132 

97 106 109 109 111 115 120 121 

31 73 68 96 100 96 107 113 

88 88 94 93 90 90 120 139 

81 88 90 96 90 96 103 113 

62 76 90 103 103 106 111 116 

79 78 90 96 134 143 135 162 

98 96 97 98 103 102 116 128 

101 107 101 113 145 161 148 163 

78 90 88 96 119 126 128 139 

73 68 78 90 106 120 128 167 

81 75 88 97 103 101 105 107 

71 83 84 90 97 92 117 117 

84 71 62 78 101 106 106 111 

46 66 64 78 106 116 119 (146) 

36 36 60 67 88 103 111 113 

73 74 79 77 87 93 97 92 

60 60 64 76 81 92 98 96 

77 71 67 76 76 77 84 86 

66 71 79 84 90 103 109 109 

26 68 81 90 92 94 96 100 

31 46 69 90 90 94 106 109 

16 33 46 66 69 74 84 88 

71 76 81 97 96 103 107 109 


iii^^ 

fll 

117 

"24 

6 

38 

16 

25 

122 

136 

136 

1 

17 

64 

6 

51 

109 

125 

141 

0 

47 

11 

13 

18 

144 

135 

195 

6 

33 

42 

13 

38 

156 

1G8 

178 

21 

0 

46 

13 

28 

139 

132 

202 

2 

1(5 

G1 

11 

38 

136 

132 

IGG 

2 

63 

79 

11 

33 

124 

126 

161 

2 

10 

50 

12 

19 

106 

113 

ISG 

3 

48 

-24 

13 

37 

147 

134 

235 

8 

27 

4 

10 

44 

121 

113 

179 

5 

07 

49 

12 

36 

107 

113 

167 

7 

38 

27 

12 

40 

173 

214 

234 

23 

47 

27 

11 

0 

161 

210 

256 

1 

21 

68 

7 

27 

166 

149 

288 

u 

28 

71 

6 

23 

163 

167 

184 

1 

17 

64 

13 

26 

166 

154 

179 

22 

16 

48 

9 

16 

109 

106 

170 

6 

12 

09 

11 

62 

111 

111 

149 

6 

0 

37 

10 

27 

116 

122 

172 

0 

62 

— 22 

10 

18 

174 

167 

187 

22 

22 

12 

11 

3 

94 

98 

167 

0 

0 

26 

9 

6 

101 

96 

119 

8 

13 

40 

7 

13 

98 

101 

134 

8 

66 

18 

11 

36 

100 

101 

119 

8 

8 

14 

8 

47 

117 

109 

161 

8 

47 

36 

6 

36 

102 

102 

119 

{? 


10 

13 

66 

106 

113 

124 

6 

4 

17 

10 

11 

73 

96 

121 

0 

69 

- 1 

14 

2 

117 

116 

206 

4 

9 

62 

10 

7 




604 






























Hourly Values — cowtinuei. 

Y — ^February, 1912. 


67000y (0-07 aa.S. unit) + 


Day. 

Oh. 

Ih. 

; 2 ’h . 

3h. 

41i. 

5h. 

6h. 

7 ii. 

8h. 

Oh, 

10 h. 

11 h. 

12 I'u 

13 h.’ 

14 h. 


y 

' Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

y 

Y 

y 

y 

1 

1095 

1082 

1082 

1078 

1071 

1096 

1087 

1092 

1064 

1069 

1007 

1043 

1037 

996 

1003 

2 

1087 

1088 

1088 

1087 

1080 

1088 

1076 

1074 

1066 

1080 

1031 

1026 

1065 

1047 

1011 

3 

1088 

1084 

1086 

1102 

1086 

1104 

1087 

1068 

1043 

1026 

1017 

966 

1011 

980 

1036 

4 

1079 

1090 

1096 

1096 

107D 

1066 

1064 

1076 

1083 

1067 

1047 

1049 

1027 

991 

1007 

5 

1084 

1086 

1094 

1078 

1066 

1066 

1050 

1066 

1064 

1027 

993 

1023 

1003 

987 

1007 

6 

1071 

1082 

1079 

1086 

1087 

1084 

1064 

1058 

1063 

1066 

1070 

1068 

1067 

1058 

1043 

7 

1102 

1090 

1087 

1088 

1083 

1078 

1078 

1076 

1088 

1098 

1064 

1031 

1021 

1016 

1034 

8 

1096 

1090 

1084 

1086 

1076 

1071 

1086 

1061 

1003 

1045 

1049 

988 

961 

976 

980 

0 

1112 

1086 

1087 

1076 

1086 

1086 

1078 

1076 

1082 

1068 i 

1031 

1027 

1023 

1019 

1017 

10 

1084 

1086 

1082 

1079 

1072 

1063 

1058 

1059 

1079 

1063 

1030 

1045 

1049 

1033 

1023 

11 

1088 

1100 

1132 

1116 

1124 

1088 

1078 

1041 

1026 

1009 

999 

1007 

964 

948 

976 

12 

1094 

1088 

1088 

1080 

1083 

1096 

1070 

1075 

1076 

1076 

1067 

1067 

1050 

1059 

1042 

13 

1098 

1091 

1076 

1076 

1082 

1086 

1062 

1047 

1033 

1001 

1098 

1071 

961 

ion 

1060 

14 

1100 

1110 

1102 

1104 

1084 

1106 

1082 

1065 

1033 

1013 

991 

1003 

1037 

1019 

1021 

15 

1083 

1079 

1084 

1086 

1070 

1062 

1068 

1029 

1046 

1062 

1042 

1016 

1038 

1046 

1021 

16 

1100 

1114 

1106 

1098 

1098 

1094 

1084 

1076 

1074 

1046 

1078 

1043 

1033 

1046 

1046 

17 

1083 

1087 

1090 

1104 

1110 

1096 

1098 

1092 

1071 

1096 

1084 

1096 

1082 

1072 

1057 

18 

1080 

1091 

1086 

1082 

1080 

1116 

1084 

1108 

1064 

1094 

1149 

1118 

— 



— 

19 

1086 

1090 

1100 

1087 

1102 

1086 

1086 

1083 

1080 

1110 

1095 

1066 

1070 

1049 

1043 

20 

1095 

1094 

1108 

1114 

1110 

1104 

1098 

1091 

1078 

1092 

1102 

1074 

1046 

1066 

1070 

21 

1100 

1102 

1098 

1108 

1096 

1086 

1082 

1064 

1062 

1072 

1036 

1016 

1041 

1038 

1026 

22 

1096 

1090 

1096 

1102 

1100 

1098 

1098 

1090 

1079 

1086 

1072 

1066 

1080 

1068 

1065 

23 

1092 

1087 

1088 

1094 

1090 

1094 

1087 

1084 

1084 

1074 

1060 

1042 

1041 

1031 

1031 

24 

1094 

1102 

1098 

1114 

1120 

1114 

1094 

1059 

1026 

1026 

999 

1027 

996 

1003 

1016 

26 

26 

27 

28 

29 

1095 

1092 

1092 

1098 

1090 

1088 

1092 

1087 

1067 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

z 

— 

— 

1068 

1064 

1069 

1063 

1072 

1061 








V — ^March, 1912. 







i 

980 

980 

977 

982 

982 

988 

988 

976 

905 

950 

936 

916 

908 

913 

920 

2 

977 

982 

984 

982 

984 

982 

966 

968 

970 

962 

962 

976 

972 

968 

964 

3 

992 

1000 

lOOO 

992 

994 

998 

988 

984: 

978 

977 

970 

966 

949 

942 

946 

4 

980 

980 

980 

980 

978 

974 

980 

990 

994 

1014 

963 

919 

901 

929 

953 

6 

978 

978 

978 

978 

978 

076 

970 

972 

984 

976 

984 

964 

949 

949 

948 

6 

996 

998 

1007 

1004 

1008 

1000 

988 

984 

980 

1004 

1008 

1010 

998 

992 

9d5 

7 

982 

984 

984. 

996 

988 

986 

974 

970 

968 

906 

949 

932 

921 

929 

924 

8 

990 

992 

994 

992 

990 

982 

988 

992 

984 

962 

936 

932 

926 

931 

949 

9 

1066 

1032 

1003 

988 

1010 

992 

988 

969 

931 

901 

924 

957 

928 

936 

944 

10 

1006 

1019 

1000 

1000 

992 

978 

972 

967 

966 

945 

931 

949 

941 

936 

949 

11 

1007 

1016 

1023 

1051 

1026 

1006 

992 

982 

973 

944 

956 

968 

948 

953 

950 

12 

992 

992 

990 

992 

988 

984 

976 

977 

988 

988 

984 

941 

962 

956 

960 

13 

1018 

1015 

1010 

1011 

1008 

992 

970 

973 

960 

962 

988 

964 

961 

981 

969 

14 

1007 

1011 

1010 

1003 

994 

988 

984 

978 

980 

964 

956 

966 

950 

964 

966 

16 

990 

996 

1000 

986 

986 

976 

994 

1010 

1007 

1000 

994 

1012 

1000 

984 

973 

16 

1003 

994 

998 

992 

1000 

996 

992 

992 

990 

982 

960 

964 

977 

978 

974 

17 

1022 

1027 

1004 

1002 

1002 

998 

994 

990 

lOOO 

1018 

1011 

994 

970 

978 

988 

18 

998 

996 

996 

998 

1002 

998 

1000 

996 

' 996 

1003 

1003 

996 

986 

977 

972 

19 

1004 

1002 

1002 

998 

998 

994 

994 

994 

996 

996 

994 

988 

988 

988 

992 

20 

996 

1000 

1002 

1007 

1016 

1004 

1003 

1000 

1004 

1004 

996 

1004 

994 

990 

977 

21 

1002 

1002 

1002 

1004 

1010 

1012 

1008 

1002 

1000 

1006 

1007 

996 

992 

980 

974 

22 

1027 

1018 

1008 

1000 

1006 

1000 

992 

992 

970 

963 

973 

960 

964 

960 

960 

23 

1002 

1003 

1003 

1003 

1006 

1007 

1016 

1016 

1018 

1006 

— 









24 

— 

— 

— 

— 

— 

— 

' — 

■ — 

— 

994 

994 

992 

994 

992 

980 

26 

1007 

1008 

1010 

1012 

1014 

1006 

1000 

1000 

996 

986 

978 

988 

978 

984 

984 

26 

1010 

1010 

1014 

1010 

1008 

1007 

1004- 

1002 

992 

— 

1000 



931 

944 

946 

27 

990 

990 

992 

994 

990 

994 

996 

996 

980 

969 

958 

960 

940 

941 

949 

28 

994 

994 

996 

1000 

1003 

996 

092 

994 

990 

996 

988 

986 

986 

986 

977 

29 

1007 

1002 

1000 

1016 

1004 

1000 

994 

992 

992 

992 

996 

998 

974 

969 

973 

30 

1002 

998 

1003 

1018 

1007 

992 

1014 

984 

980 

1007 

990 

984 

1003 

994 

986 

31 

1003 

996 

994 

1000 

998 

992 

988 

996 

998 

1003 

1000 

990 

982 

980 

974 


606 



Hourly Values — continued. 


V — ^February, 1912. 


OToooy (-07 aa.s. UuH) + 



IG li. 

17 ii. 

18 h. 

10 h. 

30 li. 

21 h. 

22 li. 

Y 

Y 

Y 

~Y~ 

Y 

Y 

Y 

Y 

1003 

1034 

1049 

1061 

1067 

1064 

1074 

1094 

1015 

1029 

1037 

1046 

1068 

1067 

1074 

1094 

1027 

1026 

1021 

1039 

1067 

1067 

1075 

1066 

1019 

1026 

1060 

1064 

1064 

1068 

1078 

1082 

1003 

1022 

1030 

1046 

1066 

1066 

1086 

1086 

1051 

1059 

1070 

1078 

1091 

1096 

1098 

1098 

1047 

1055 

1064 

1056 

1067 

1072 

1071 

1078 

997 

1009 

1039 

1046 

1054 

1068 

1079 

1094 

1027 

1035 

1067 

1064 

1064 

1068 

1079 

1090 

1022 

1030 

1037 

1042 

1046 

1071 

1090 

1090 

1011 

1026 

1037 

1041 

1063 

1068 

1087 

1092 

1043 

1045 

1060 

1064 

1075 

1098 

1104 

1118 

1094 

1086 

1076 

1062 

1076 

1102 

1114 

1110 

1030 

1025 

1056 

1060 

1070 

1072 

1076 

1090 

1022 

1035 

1068 

1076 

1076 

1076 

1080 

1083 

1053 

1045 

1054 

1071 

1078 

1084. 

1083 

1080 

1033 

1038 

1061 

1067 

1075 

1082 

1086 

1087 

1060 

1067 

1078 

1086 

1088 

1087 

1091 

1083 

1035 

1046 

1058 

1078 

1083 

1088 

1092 

1098 

10(53 

1067 

1050 

1086 

1084 

1098 

1102 

1086 

1035 

1046 

1060 

1070 

1078 

1080 

1084 

1096 

1056 

1072 

1083 

1088 

1088 

1088 

1088 

1095 

1036 

1046 

1060 

1074 

1072 

1072 

1080 

1092 

1027 

1045 

1047 

1058 

1066 

1070 

1086 

1092 


1053 

— 

1074 

1091 

— 

1— 

— 

1064 

1074 

1079 

1081 

1098 

I09;i 

I09;i 

1096 


23 ii. 

21 h. 

Maximum Reading 
and Timo. 

Minimum lloading 
and Time. 

Y 

Y 

Y 

h. 

m. 

Y 

Ii. 

m. 

1096 

1087 

1114 

4 

48 

961 

9 

64 

1091 

1088 

1114 

9 

8 

997 

9 

63 

1064 

1079 

1116 

5 

10 

931 

10 

66 

1086 

1084 

1116 

3 

2 

981 

12 

43 

1075 

1071 

1102 

1 

43 

976 

13 

38 

1100 

1102 

1104 

24 

0 

1033 

6 

40 

1092 

1096 

1106 

U 

8 

1005 

12 

55 

1112 

1112 

1120 

24 

0 

950 

11 

68 

1079 

1084 

1120 

0 

0 

1005 

13 

36 

1090 

1088 

1098 

23 

10 

1011 

9 

58 

1092 

1094 

1148 

4 

28 

942 

12 

60 

1106 

1098 

1124 

21 

55 

1017 

9 

50 

1102 

1100 

1137 

10 

10 

946 

11 

58 

1090 

1083 

1122 

3 

22 

969 

10 

23 

1102 

1106 

1110 

23 

45 

988 

10 

33 

1080 

1083 

1122 

1 

35 

993 

11 

2 

1087 

1080 

1136 

3 

23 

1017 

16 

10 

1084 

1086 

1182 

9 

51 

1009 

8 

3 

1098 

1095 

1130 

9 

25 

1025 

14 

63 

1102 

1100 

1122 

10 

0 

1029 

12 

23 

1096 

1096 

1112 

3 

0 

1001 

10 

57 

1088 

1092 

1107 

5 

25 

1043 

10 

43 

1092 

1094 

1102 

4 

35 

1016 

11 

8 

1096 

1096 

1137 

4 

10 

969 

10 

15 

— i 

— 

— 

- 

— 

— 

- 

- 

— 

— 

— 

- 

— 

— 

- 

- 

— 

— 

— 

>■ 

— 

— 

- 

- 

— 

— 

— 



— 

— 

- 

1098 

1098 

— 

- 

— 

— 

- 

- 


V— Marcli, 1912. 


920 

932 

942 

952 

966 

988 

992 

i)86 

992 

977 

998 

6 

0 

901 

11 

36 

953 

957 

968 

968 

m 

984 

992 

998 

994 

992 

1002 

21 

30 

941 

9 

66 

952 

968 

972 

976 

978 

980 

984 

986 

980 

980 

1008 

1 

22 

936 

12 

28 

940 

952 

956 

960 

973 

977 

984 

980 

978 

978 

1034 

B 

67 

883 

11 

46 

964 

950 

973 

974 

980 

982 

982 

986 

986 

996 

998 

24 

0 

944 

13 

36 

980 

974 

980 

984 

984 

980 

978 

978 

980 

982 

1022 

JO 

5 

932 

14 

2 

933 

940 

953 

964 

974 

982 

980 

984 

988 

m) 

1007 

8 

50 

911 

11 

4 

944 

940 

970 

976 

996 

1007 

1004 

1(K)4 

1065 

1055 

1092 

23 

10 

909 

12 

5 

950 

954 

957 

974 

984 

994 

1000 

996 

1006 

1006 

1000 

(J 

16 

887 

9 

10 

961 

966 

977 

984 

988 

988 

1000 

1004 

10 LO 

J0(J7 

1034 

0 

37 

911 

10 

3 

966 

966 

982 

980 

986 

986 

1000 

J0(XJ 

994 

992 

1075 

2 

50 

9:11 

9 

23 

956 

960 

970 

973 

978 

982 

988 

1000 

1007 

1018 

1018 

23 

45 

916 

11 

13 

960 

966 

972 

978 

988 

1004 

994 

996 

1002 

1007 

1026 

0 

22 

936 

11 

20 

957 

968 

972 

977 

978 

986 

988 

988 

992 

990 

1018 

0 

32 

939 

9 

48 

974 

982 

988 

992 

990 

984 

996 

1002 

996 

1003 

1038 

8 

35 

907 

6 

16 

980 

984 

994 

992 

994 

996 

1000 

1007 

1012 

1022 

1020 

23 

57 

944 

10 

14 

973 

980 

994 

998 

998 

1002 

1002 

1002 

1000 

998 

1035 

10 

12 

962 

12 

28 

976 

988 

980 

994 

994 

996 

1004 

1004 

1002 

1004 

1012 

9 

46 

968 

14 

10 

992 

992 

996 

996 

996 

998 

1002 

1002 

998 

996 

1010 

0 

0 

984 

11 

16 

969 

980 

994 

992 

994 

996 

1000 

996 

1000 

1(X)2 

1020 

4 

10 

964 

16 

22 

986 

992 

992 

994 

994 

994 

996 

1019 

103] 

1027 

1044 

22 

22 

968 

13 

68 

950 

970 

990 

996 

1000 

1002 

1000 

1000 

1002 

1002 

1020 

0 

5 

923 

11 

16 

986 

994 

996 

1000 

1002 

1010 

1010 

1002 

1004 

1007 



— 





980 

994 

994 

998 

1002 

1004 

1007 

1010 

1010 

1010 

— 

- 

— 


- 

- 

956 

968 

980 

982 

988 

996 

996 

994 

992 

990 

1020 

10 

26 

•925 

12 

13 

961 

973 

986 

992 

994 

988 

992 

996 

994 

994 

1006 

6 

55 

933 

12 

2 

978 

984 

984 

990 

994 

996 

1006 

1016 

1012 

1007 

1020 

22 

0 

970 

13 

37 

974 

980 

984 

992 

998 

996 

1000 

996 

996 

1002 

1023 

3 

3 

960 

13 

25 

974 

982 

1062 

992 

1003 

1016 

1019 

1018 

1011 

1003 

1027 

3 

6 

964 

11 

12 

976 

984 

988 

988 

988 

996 

992 

992 

990 

990 

1011 

3 

0 

966 

14 

13 
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Hourly Valines — continued. 

V — ^April, 1912 . _ 

(noooy (-a? C.O.S. Unit) 4- 

Oli. I Ih. I 21i. I 3h. 1 4]1. 1 Bh. I Oh. I 7 h, | 8 h. | alT 


10 h. ] 1 Ji. 1-2 h. i;t h. 14 h 


4 1007 

5 994 

6 1022 

7 1022 

8 1044 

9 1012 
10 1002 . 

11 1049 

12 1014 

13 1020 

14 1030 

15 1008 

16 1083 

17 1143 

18 1073 

19 1083 

20 1041 

21 1032 

22 1019 

23 1044 

24 1020 

26 1040 

26 1030 

27 1032 

28 1049 

29 1026 

30 1018 


y Y 

990 990 
1003 1006 
996 994 
1006 1018 
992 988 
1014 1015 
1012 1019 
1038 1034 
1016 1011 
1002 1002 

1022 1023 
1014 1010 

1027 1019 

1023 1014 
1003 1002 
1101 1081 
1093 1072 

1043 1044 
1081 1079 

1044 1062 
1030 1026 
1018 1018 
1044 1048 
1023 1020 
1043 1041 
1036 1044 
1032 1028 
1036 1038 

1028 1028 
1016 1020 


28 36 27 

26 24 20 

43 44 40 

34 36 35 • 

18 14 11 

261 109 93 

91 69 103 

79 71 63 

69 69 56 

38 41 39 

36 38 36 

30 30 30 

81 86 67 

127 77 66 

67 67 60 

68 67 66 

46 51 45 

43 48 44 

36 34 38 

48 44 46 

39 36 40 

40 4] 43 

39 36 38 

38 38 35 

38 40 36 

36 38 39 

47 47 44 

38 38 36 

40 41 39 


Y V 
994 994 

1012 1002 
996 1000 
1014 1010 
996 996 

1007 1002 
1024 1030 

1023 1015 
1018 1008 
1002 1002 
1027 1022 
1007 1006 
1012 1010 
1016 1007 
1003 1002 
1048 1032 
1075 1056 
1039 1044 
1075 1053 
1048 1044 
1026 1026 
1018 1014 
1063 1040 
1026 1027 
1038 1032 
1043 1036 

1024 1022 
1026 1026 
1023 1022 
1016 1010 


31 ]H 
26 24 

49 47 

30 34 
6 -6 

47 63 

73 61 

47 34 

47 34 

47 41 

39 36 

31 36 

47 43 

66 44 

64 66 

66 46 

63 48 

49 48 

38 39 

40 35 

38 36 

43 47 

38 36 

36 38 

34 34 

44 44 

40 41 

38 38 

40 38 


Y V 
994 990 

984 986 

1010 1004 
992 990 
990 988 

1002 990 
1010 1002 

1003 998 
1000 1002 

998 1000 
1018 1018 
1002 1002 
1010 1008 
1008 1006 
1000 1000 
1020 1026 
1026 1022 
1063 1043 
1028 1026 
1024 1012 
1026 1008 
1018 1018 
1019 1018 
1024 1012 
1030 1024 
1022 1016 
1019 1020 

1011 1012 
1018 1018 
lOlO 1012 


V— May, 
a866(iy'(- 
20 18 
24 24 

32 19 

23 19 

-8 -14 . 
60 40 

79 60 

27 43 

34 44 

38 38 

31 30 

38 32 

38 36 

41 43 

63 38 

43 38 

38 36 

38 36 

31 31 

34 34 

34 36 

56 46 

34 36 

36 34 

32 34 

39 36 

36 34 

36 34 

36 36 


I.S. Unit) + 

T8 18 ' 

22 18 

10 (16) 


11 10 2 

16 8 8 

22 7 3 

2 0 0 

61 40 32 

27 26 26 

49 38 20 

32 30 32 

36 31 22 

27 26 26 

12 14 11 

22 19 0 

36 32 36 

28 34 30 

43 38 34 

30 28 28 

36 36 32 

27 32 32 

22 32 11 

26 27 20 

36 31 28 

34 32 36 

36 36 30 

36 28 30 

34 30 28 

27 30 27 

34 34 34 

30 34 34 


3 10 

12 18 
2 3 

14 16 

38 36 

36 24 

23 30 

28 34 

22 30 

26 30 

18 14 

24 77 

65 48 

28 43 

32 36 

30 30 

34 35 

30 31 

22 20 
20 27 

31 32 

35 34 

36 34 

30 31 

28 34 

26 27 

34 31 

34 34 
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Hourly Values — contmued. 


V— April, 1912. 


07000y (-67 O.G.S. Unit) + 

Maximum Reading 

Minimum Reading 

15 li. 

10 h. 

17 1). 

18 h. 

10 h. 

20 li. 

21 h. 

22 h. 

23 h. 

24 li. 

and Time. 


anri Time. 


y 

y 

y 

y 

V 

y 

y 

y 

y 

y 

y 

b. 

m. 

y 

h. 

in. 

988 

992 

99d 

994 

992 

992 

994 

998 

1007 

1000 

1011 

23 

0 

973 

12 

52 

980 

982 

98i 

986 

992 

994 

996 

996 

996 

996 

1018 

2 

‘15 

969 

10 

40 

962 

973 

980 

988 

990 

994 

994 

996 

1000 

1007 

1012 

6 

43 

950 

13 

48 

973 

984 

980 

986 

990 

994 

1006 

1002 

1000 

994 

1030 

2 

25 

949 

12 

0 

970 

1000 

1000 

996 

996 

998 

1007 

1019 

1019 

1022 

1036 

22 

46 

962 

16 

35 

990 

1004 

1000 

1002 

1003 

1003 

1003 

1000 

1018 

1022 

1034 

0 

12 

917 

9 

29 

988 

988 

1000 

1000 

1000 

998 

1006 

1038 

1041 

1044 

1057 

22 

30 

949 

12 

23 

988 

992 

990 

1000 

1002 

1002 

1006 

1010 

1008 

1012 

1043 

0 

0 

962 

11 

56 

992 

998 

996 

1004 

1006 

1007 

1002 

1002 

1(X)2 

1002 

1026 

2 

60 

954 

12 

8 

988 

994 

998 

996 

1015 

1012 

1038 

1115 

1064 

1049 

1130 

22 

3 

964 

15 

10 

99G 

992 

•992 

998 

1002 

1014 

1015 

1016 

1014 

1014 

1061 

0 

17 

972 

12 

30 

990 

99() 

1002 

1003 

1004 

1002 

1006 

1019 

1022 

1020 

1030 

23 

12 

986 

12 

32 

990 

99() 

1000 

1001 

1019 

1022 

1038 

1011 

1041 

1030 

1045 

23 

10 

980 

11 

50 

990 

1002 

IfMK) 

1001 

1007 

1012 

1023 

1016 

1014 

1008 

1030 

0 

0 

• 970 

10 

42 

looo 

um 

1069 

1061 

U)93 

1117 

1093 

1077 

1069 

1083 

1125 

20 

0 

9()2 

9 

4!) 

1011 

lOM 

105(3 

1061 

1055 

1051 

1184 

1102 

1089 

1143 

1332 

20 

47 

976 

13 

13 

992 

lOlJ 

1043 

1032 

1083 

1057 

1040 

luio 

111!) 

1073 

1178 

0 

8 

986 

14 

22 

1015 

1020 

1036 

1039 

1051 

1056 

1059 

1063 

1106 

1083 

1122 

22 

40 

992 

11 

66 

1015 

1027 

1035 

1026 

1027 

1028 

1030 

1023 

1030 

1041 

1093 

0 

55 

971 

10 

36 

1047 

1 030 

1032 

1034 

1036 

1039 

1035 

1036 

1035 

1032 

1065 

1 

35 

986 

10 

40 

1016 

1022 

1026 

1021 

1026 

1026 

1022 

101!) 

1020 

lOl!) 

1034 

0 

0 

998 

12 

12 

1004 

1010 

1019 

1022 

1032 

1064 

1060 

1049 

1041 

1044 

1073 

19 

57 

980 

12 

25 

1020 

1020 

1020 

1032 

1031 

1030 

1026 

1020 

1026 

1020 

1065 

3 

2 

1002 

10 

28 

1011 

1010 

1018 

1020 

1024 

1034 

1030 

1035 

1045 

1040 

1048 

23 

3 

994 

11 

13 I 

1015 

1010 

1011 

1018 

1016 

1022 

1036 

1031 

103L 

1030 

1049 

1 

30 

973 

11 

53 1 

1011 

1010 

1020 

1022 

1023 

1026 

1022 

1024 

1028 

1032 

1049 

2 

22 

994 

12 

5 

1018 

1019 

1018 

1018 

1022 

1026 

1022 

1031 

1030 

1049 

1060 

23 

45 

1010 

12 

50 

lull 

1010 

1018 

1019 

1023 

1022 

1024 

1026 

1026 

1026 

KM!) 

0 

0 

996 

11 

14 

1018 

1018 

1018 

1018 

(1018) 

(1018) 

1018 

1018 

101!) 

1018 

1032 

2 

23 

965 

10 

36 

loll 

|lOM 

1014 llOKi 

1018 

1016 

1022 

1026 

1021 

1028 

1031 

23 

45 

1006 

11 

45 


V~May, 1912. 




(iRODOy 

Oiub) 











J2 

14 

15 

24 

35 

36 

30 

26 

24 

26 

41 

0 

42 

2 

12 

25 

J8 

23 

32 

24 

46 

55 

44 

40 

40 

■13 

67 

19 

20 

5 

11 

22 

7 

19 

22 

24 

dl 

55 

43 

41 

10 

34 

68 

20 

2 

-1 

8 

13 

— 

— 

— 

32 

28 

26 

2J 

26 

18 

18 

46 

1 

15 

7 

6 

47 

12 

12 

10 

16 

22 

28 

64 

138 


261 

352 

24 

0 

-^20 

5 

35 

28 

28 

34 

32 

31 

32 

34 

40 

()0 

91 

352 

0 

0 

24 

15 

12 

34 

35 

34 

34 

32 

43 

41 

39 

56 

79 

11!) 

2 

18 

10 

11 

10 

35 

38 

38 

35 

35 

38 

44 

83 

76 

69 

107 

22 

13 

_2 

7 

50 

31 

34 

34 

34 

35 

39 

43 

41 

38 

38 

76 

0 

5 

20 

12 

43 

32 

28 

40 

64 

53 

38 

34 

35 

36 

35 

69 

17 

39 

18 

12 

43 

30 

30 

30 

30 

30 

30 

30 

30 

28 

30 

44 

2 

30 

21 

11 

55 

26 

28 

35 

51 

67 

107 

73 

61 

65 

81 

121. 

20 

5 

2 

11 

35 

^9 

48 

48 

146 

113 

115 

228 

258 

200 

127 

313 

21 

10 

2 

9 

12 

62 

55 

51 

97 

95 

168 

11!) 

91 

()9 

57 

212 

1!) 

57 

14 

11 

27 

38 

63 

53 

61 

57 

53 

52 

63 

71 

68 

83 

23 

33 

18 

9 

46 

36 

39 

39 

41 

44 

4!) 

47 

49 

47 

45 

67 

0 

0 

28 

13 

20 

31 

35 

38 

40 

41 

45 

52 

44 

43 

43 

01 

3 

20 

10 

a 

46 

34 

32 

31 

38 

38 

36 

36 

34 

34 

36 

59 

3 

25 

26 

12 

10 

35 

36 

36 

36 

40 

40 

63 

51 

47 

48 

67 

21 

0 

18 

9 

6 

31 

36 

38 

39 

43 

43 

40 

39 

40 

39 

03 

0 

20 

10 

12 

20 

28 

34 

39 

38 

39 

38 

38 

38 

36 

40 

44 

16 

41 

22 

9 

10 

35 

40 

41 

41 

43 

44 

41 

i 40 

38 

39 

66 

: 4 

38 

30 

10 

46 

34 

36 

34 

36 

36 

38 

38 

36 

36 

38 

41 

! 2 

20 

26 

7 

14 

35 

35 

38 

36 

41 

38 

40 

41 

38 

38 

43 

18 

60 

26 

9 

60 

34 

34 

36 

36 

38 

38 

38 

38 

36 

36 

43 

10 

30 

18 

9 

20 

34 

34 

36 

39 

40 

41 

62 

63 

61 

47 

76 

21 

32 

26 

11 

46 

27 

28 

35 

34 

38 

39 

44 

46 

40 

38 

62 

21 

46 

23 

9 

30 

34 

32 

49 

40 

51 

49 

41 

38 

40 

40 

57 

17 

0 

28 

9 

36 

34 

38 

38 

38 

40 

35 

40 

39 

43 

49 

63 

23 

67 

28 

10 

22 

34 

34 

38 

41 

40 

41 

39 

39 

38 

41 

66 

0 

60 

23 

9 

30 

35 

40 

41 

40 

40 

38 

38 

43 

41 

44 

49 

3 

12 

2 

9 

23 
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Houely Valties — continued. 


V — June, 1912. 


Day. 

esoooy (-68 C.as. Unit) + 

















Oh. 

1 II. 

2h. 

3)1. 

4 h. 

51). 

6h. 

7h. 

8h. 

9h. 

10 h. 

11 h. 

12 li. 

13 h. 

14 h. 


y 

V 

y 

Y 

Y 

Y 

Y 

wm 

mm 

Y 

Y 

Y 

mm 

Bi 

Y 

1 

109 

108 

116 

113 

109 

104 

108 

104 

108 

108 

112 

101 

97 

103 

99 

2 

148 

141 

124 

124 

114 

109 

112 

114 

114 

109 

108 

109 

101 

103 

103 

3 

126 

122 

117 

132 

124 

109 

108 

100 

101 

96 

88 

83 

06 

02 

101 

i 

120 

117 

114 

118 

113 

106 

112 

116 

112 

106 

109 

112 

110 

113 

108 

5 

121 

118 

112 

108 

110 

118 

114 

117 

113 

113 

113 

108 

109 

109 


6 

110 

112 

118 

120 

118 

113 

117 

108 

108 

112 

116 

116 

117 

117 


7 

118 

121 

121 

118 

120 

121 

122 

122 

118 

114 

114 

114 

no 

109 


8 

118 

120 

118 

120 

118 

116 

116 

117 

117 

106 

100 

104 

103 

09 


9 

148 

146 

203 

182 

166 

134 

126 

117 

114 

no 

96 

109 

106 

no 


10 

160 

167 

182 

182 

186 

144 

121 

134 

112 

112 

113 

no 

122 

124 

136 

11 

138 

130 

141 

164 

148 

132 

124 

116 

no 

125 

133 

116 

122 • 

114 


12 

141 

144 

136 

138 

122 

124 

121 

122 

122 

118 

113 

118 

117 

121 


13 

136 

142 

137 

133 

128 

124 

120 

117 

120 

120 

no 

116 

118 

117 


14 

136 

132 

132 

128 

133 

130 

122 

113 

116 

no 

no 

114 

114 

116 


16 

141 

134 

142 

136 

136 

134 

122 

136 

118 

113 

118 

no 

no 

108 

RR^H 

16 

122 

126 

126 

122 

118 

120 

120 

114 

117 

— 

— 

— 

— 

— 


17 

— 

— 

— 

— 

— 

— 

— 

— 

— 

104 

99 

106 

109 

114 


18 

130 

130 

124 

122 

116 

114 

112 

108 

no 

no 

106 

106 

108 

109 


19 

122 

126 

129 

126 

121 

118 

122 

116 

118 

114 

114 

106 

114 

106 



116 

114 

116 

116 

117 

114 

118 

116 

114 

116 

114 

114 

114 

114 


21 

114 

114 

114 

118 

116 

118 

117 

114 

113 

114 

114 

109 

114 

114 

Rt^H 

22 

116 

117 

117 

121 

117 

114 

113 

no 

106 

103 

101 

106 

06 

96 


23 

122 

121 

122 

137 

132 

116 

no 

108 

113 

114 

112 

106 

106 

105 

106 

24 

126 

129 

126 

124 

120 

117 

117 

114 

104 

no 

108 

96 

06 

101 

101 

26 

124 

134 

162 

148 

136 

122 

117 

116 

117 

116 

114 

112 

109 

108 

■ 

26 

117 

117 

118 

117 

118 

118 

118 

117 

117 

116 

114 

116 

114 

no 

■ 

27 

120 

122 

117 

130 

126 

121 

122 

120 

118 

112 

113 

105 

113 

112 

■ 

28 

160 

137 

120 

120 

116 

117 

126 

126 

124 

122 

117 

100 

104 

09 

■ 

29 

130 

133 

140 

133 

126 

121 

130 

126 

118 

122 

lU 

117 

105 

100 

m 

30 

168 

162 

164 

164 

122 

140 

130 

130 

122 

120 

116 

112 

114 

121 

118 1 







V 

— July, 1912. 







1 

140 

142 1 

164 1 

|T4r 

140 

’138 

126 

122 

122 

Tis” 

rro8 

■ no 

112 

lOO' 

no 

2 

134 

130 

133 

133 

117 

117 

114 

117 

122 

— 

— 

— 

— 

— 

— 

3 

— 

— 

— 

— 

— 

— 

— 

— 

— 

121 

116 

114 

112 

114 

114 

4 

136 

142 

138 

' 140 

126 

122 

117 

no 

126 

91 

112 

103 

103 

no 

104 

6 

140 

138 

160 

167 

160 

138 

133 

124 

112 

114 

114 

108 

136 

174 

128 

6 

176 

174 

164 

1 148 

138 

138 

130 

118 

122 

118 

114 

121 

130 

130 

122 

7 

191 

174 

162 

142 

136 

126 

124 

118 

118 

117 

116 

112 

109 

117 

120 

8 

122 

122 

122 

1 120 

118 

116 

118 

124 

116 

120 

106 

106 

loa 

126 

118 

9 

130 

130 

133 

137 

134 

133 

121 

117 

108 

109 

112 

113 

118 

116 

118 

10 

137 

140 

141 

136 

126 

121 

117 

117 

117 

114 

114 

116 

114 

114 

114 

11 

122 

122 

121 

132 

122 

118 

114 

113 

106 

114 

109 

112 

113 

no 

113 

12 

118 

118 

117 

116 

116 

114 

114 

114 

114 

112 

no 

114 

112 

112 

114 

13 

114 

116 

114 

112 

114 

113 

114 

109 

106 

109 

no 

106 

106 

no 

106 

14 

114 

114 

114 

114 

114 

114 

no 

112 

108 

109 

114 

114 

114 

113 

no 

16 

114 

114 

120 

114 

114 

no 

106 

108 

108 

106 

108 

106 

108 

106 

106 

16 

114 

114 

112 

116 

114 

114 

114 

114 

112 

112 

113 

106 

109 

106 

no 

17 

129 

122 

122 

120 

121 

117 

114 

114 

117 

116 

113 

114 

114 

114 

114 

18 

122 

121 

121 

124 

134 

140 

128 

116 

112 

106 

103 

100 

100 

103 

106 

19 

114 

114 

114 

114 

114 

114 

114 

114 

no 

109 

109 

108 

108 

108 

108 

20 

122 

124 

122 

118 

116 

116 

114 

114 

113 

113 

113 

114 

113 

108 

106 

21 

142 

148 

148 

129 

120 

114 

108 

133 

118 

118 

113 

109 

116 

no 

113 

22 

134 

129 

126 

133 

130 

117 

120 

120 

116 

122 

120 

117 

114 

113 

113 

23 

126 

130 

130 

134 

129 

120 

117 

118 

112 

114 

116 

113 

no 

106 

109 

24 

122 

122 

126 

128 

132 

129 

121 

118 

122 

120 

117 

114 

117 

116 

114 

26 

124 

126 

121 

124 

121 

124 

121 

122 

120 

116 

109 

106 

no 

no 

113 

26 

132 

134 

133 

126 

128 

128 

126 

137 

130 

122 

120 

113 

113 

117 

m 

27 

144 

146 

130 

136 

140 

137 

120 

126 

126 

118 

114 

116 

no 

104 

Eh 


130 

136 

132 

137 

148 

141 

132 

126 

128 

126 

122 

122 

118 

121 

IgH 

29 

130 

130 

132 

126 

128 

130 

128 

124 

122 

117 

122 

118 

122 

120 

116 

30 

129 

130 

130 

136 

140 

130 

132 

122 

121 

122 

122 

121 

120 

117 

118 

31 

(147) 

146 

162 

166 

162 

148 

136 

126 

124 

124 

122 

122 

(118) 

113 

no 


eio 


Houbly Values — ooMmued. 


V — June, 1912. 


osoooy (-os C.C1.S. Unit) -f- 

1.5 h. 10 h. 17 h. 18 h. 10 h. 20 li. 21 li. 32 IiT 

Y y y y y y y y 

99 10-1 109 13(5 lid 134 170 191 

105 lOG 13G 136 15G 188 118 137 

109 110 109 152 199 156 142 134 

109 112 114 113 111 114 116 120 

109 no 111 111 122 114 116 116 

118 120 121 132 132 124 122 121 

116 116 118 118 117 117 118 117 

106 126 154 154 152 192 190 176 

180 138 148 141 160 152 142 144 

167 148 141 150 152 154 ]14 136 

122 138 148 142 148 154 J67 164 

118 150 152 136 138 134 136 138 

120 122 122 122 133 126 132 130 

117 118 132 138 141 142 142 14,6 

116 121 117 120 122 128 130 129 

117 118 114 114 114 118 118 118 

113 114 114 114 117 118 118 122 

108 no 114 122 122 126 129 12] 

113 114 114 114 118 117 no 116 

no 114 114 116 125 122 122 118 

108 109 114 113 110 114 116 117 

106 109 114 116 117 117 116 122 

106 113 114 129 124 125 132 129 

112 114 114 118 118 120 125 122 

112 121 121 122 121 118 118 118 

106 no 114 114 116 141 213 191 

112 116 114 113 125 148 175 158 

120 118 122 121 124 130 142 175 

117 116 120 122 122 122 122 122 


Maximum Bcadiug Minimum Beading 
23 |j 2^ li ami Time. and 'L’iino. 

y y y h. m. y h. m. 

168 148 228 21 55 91 12 25 

126 126 267 19 28 99 11 50 

122 120 217 18 52 72 10 38 

121 121 124 23 0 100 9 7 

109 no 129 18 46 99 11 52 

122 118 138 18 0 103 8 45 

118 118 126 1 16 106 12 6 

160 148 217 19 30 91 13 20 

148 160 261 2 12 91 9 40 

133 138 211 3 52 101 7 42 

148 141 183 20 46 101 10 36 

140 136 186 16 3 106 9 20 

133 136 146 1 26 106 9 48 

146 111 160 22 20 103 9 43 

126 122 150 1 42 106 12 0 

— — 129 0 16 114 8 0 

122 130 132 23 60 97 9 63 

121 122 133 0 32 93 7 30 

121 116 138 20 37 103 13 60 

117 114 121 18 66 109 3 26 

118 116 130 19 2 103 7 30 

121 122 126 23 18 91 12 40 

124 126 144, 2 47 103 13 30 

121 124 140 21 20 87 11 6 

116 117 1(50 I 60 102 11 60 

116 120 130 15 46 106 8 67 

170 1(50 261 21 16 99 11 20 

134 1 30 190 21 9 95 18 5 

1(54 158 186 22 0 103 11 65 

138 14,0 178 3 20 105 4 20 


V— .My, 1912. 


109 

114 

120 

162 

168 

137 

130 

14,0 

134 

134, 

178 

17 

67 

99 

10 

.36 

— 

— 

— 


— 

— 

— 

— 

— 

— 

138 

0 

0 

no 

6 

18 

120 

no 

118 

118 

11(5 

116 

118 

122 

118 

136 

140 

24 

0 

112 

12 

2 

113 

114 

148 

178 

144 

156 

175 

160 

144 

140 

209 

17 

22 

76 

9 

15 

118 

144 

249 

178 

1(50 

100 

202 

243 

174 

175 

392 

17 

3 

87 

10 

60 

130 

134 

133 

140 

130 

130 

130 

128 

uo 

191 

207 

24 

0 

101 

9 

45 

122 

126 

129 

124 

128 

137 

138 

130 

136 

122 

216 

0 

16 

105 

12 

12 

132 

120 

m 

124 

122 

117 

122 

122 

122 

i;30 

138 

14 

66 

99 

L() 

3 

113 

121 

m 

130 

128 

\2\) 

14-1 

134 

134 

137 

14(5 

2 

d8 

93 

8 

23 

114 

114 

117 

121 

118 

!22 

121 

11,8 

120 

122 

146 

1 

28 

106 

9 

(J 

114 

114 

116 

118 

121 

118 

110 

118 

121 

118 

134 

2 

do 

K)3 

9 

66 

114 

114 

114 

118 

121 

117 

118 

118 

118 

114 

122 

19 

16 

106 

9 

60 

no 

110 

]10 

114 

114 

114 

114 

114 

113 

114 

120 

1 

26 

103 

3 

21 

113 

no 

112 

113 

113 

113 

114 

114 

ill- 

114 

no 

19 

0 

106 

8 

60 

no 

113 

111 

120 

122 

122 

126 

122 

114 

114 

129 

21 

20 

90 

8 

60 

114 

111 

114 

118 

130 

168 

184 

164. 

141 

129 

205 

20 

30 

101 

11 

6 

(115) 

(117) 

118 

118 

117 

118 

121 

124 

122 

122 

1.34 

21 

23 

106 

9 

68 

109 

114 

117 

120 

118 

118 

118 

114 

111 

114 

154 

4 

.32 

93 

10 

32 

109 

114 

114 

114 

111 

117 

117 

116 

119 

122 

126 

23 

48 

101 

1.3 

3 

106 

113 

113 

114 

126 

150 

148 

146 

146 

142 

16(5 

20 

20 

99 

14 

22 

114 

117 

121 

124 

134 

124 

120 

118 

12(5 

134 

1(52 

1 

20 

100 

(5 

8 

113 

117 

122 

122 

125 

130 

126 

122 

124 

125 

142 

3 

10 

103 

7 

26 

116 

118 

122 

no 

132 

142 

124 

113 

121 

L22 

148 

19 

40 

105 

13 

17 

116 

117 

118 

118 

120 

118 

122 

122 

122 

124 

138 

4 

5 

112 

10 

38 

117 

118 

118 

118 

118 

118 

121 

122 

129 

132 

134 

23 

7 

104 

10 

30 

112 

114 

122 

122 

129 

126 

128 

144 

162 

144 

166 

22 

37 

101 

10 

66 

122 

130 

144 

144 

137 

138 

132 

1.32 

134 

130 

168 

0 

60 

96 

12 

46 

120 

121 

122 

126 

122 

126 

126 

128 

129 

130 

162 

4 

8 

no 

9 

15 

120 

118 

122 

(122) 

122 

138 

130 

125 

124- 

129 

142 

20 

10 

112 

10 

35 

117 

118 

118 

118 

124 

133 

160 

(149) 

(148) 

(147) 

162 

20 

45 

114 

13 

8 

(110) 

no 

117 

125 

132 

138 

140 

144 

160 

144 

162 

3 

0 

106 

16 

25 


611 


Houely Values — contmued. 

V— Au gust. 1912. 


eaoooy (-68 C.G.S. Unit) + 


Day, 

Oh. 

1 h. 

2h. 

! 3h. 

1 4h. 

5 h. 

6li. 

1 7h. 

8 h. 

9 lu 

10 li. 

1 [ ii. 

1 I:J li. ' 

i;i 1). 

1 1 h. : 

1 

y 

144 

y ' 

148 

7 

142 

y 

132 

y 

124 

7 

117 

7 

116 

1 7 
112 

7 

99 

7 

83 

7 

95 

7 

m 

i' y 

1 1J3 

7 

113 

y ! 

i;j() ! 

2 1 

136 

137 i 

137 

130 

133 

126 

126 

116 

122 

133 

124 

118 

1 111 

1 17 

118 ! 

3 

134 

136 

141 

142 

j 140 

126 

125 

126 

122 

116 

120 

109 

1 120 

120 

122 

4. 

138 

137 

132 

132 

128 

126 

118 

117 

116 

106 

114 

112 

no 

105 

110 

6 

121 

124 

122 

121 

121 

122 

120 

118 

117 

114 

116 

113 

no 

1 n 

11(5 

6 

128 

125 

122 

122 

130 

122 

106 

113 

104 

— 

— 



1 12 

120 1 

7 





___ 







— 

146 

138 

138 

125 

8 

134 

133 

134 

132 

132 

136 

140 

141 

138 

125 

121 

125 

121 , 

118 

120 

9 

133 

130 

133 

130 

130 

132 

126 

126 

122 

122 

120 

117 , 

1 18 

122 

1 25 ' 

10 

144 

138 

132 

129 

130 

128 

126 

124 

126 

121 

117 

110 ; 

1 III 

103 

105 

11 

124 

122 

124 

128 

125 

126 

130 

124 

124 

117 

120 

111 

106 ! 

in 

mi ' 

12 

124 

125 

122 

122 

121 

122 

125 

121 

122 

122 

122 

120 

122 i 

122 

122 

13 

124 

122 

122 

121 

120 

122 

126 

124 

122 

122 

120 

116 

111 ; 

ill 

111 

U 

122 

120 

122 

122 

118 

118 

111 

114 

114 

111 

112 

112 

112 1 

111 

108 

15 

144 

134 

132 

136 

132 

128 

121 

122 

114 

121 

111 

109 

108 } 

106 

106 

16 

118 

117 

120 

120 

118 

118 

114 

114 

114 

no 

108 

117 ’ 

106 1 

108 

112 

17 

122 

122 i 

122 

120 

122 

118 

117 

118 

120 

120 

124 

109 

106 : 

09 

nil 

18 

182 1 

164 

148 

144 

130 

130 

130 

126 

133 

124 

124 

117 

112 1 

112 

112 

19 

130 1 

133 1 

140 

141 

146 

136 

129 

116 

118 

(111) 1 (104) 

96 

109 1 

103 

n;t 

20 

164 1 

166 ; 

166 

146 

154 

160 

144 

130 

124 

130 

122 

121 

i 112 1 

no 

no 

21 

140 

144 

140 

138 

134 

130 

134 

128 

130 

113 

1 m; 

111 

ml 

126 

105 

22 

168 1 

166 , 

160 

162 

156 

144 

134 

125 

120 

116 1 

lUi 

121 

i i 

III) 

n« 

23 

146 

137 

124 

142 

160 

164 

148 

137 

133 

141 

j;j() 

137 

128 i 

1 16 i 

1 117 

24 

162 1 

152 1 

162 

166 

156 

144 

144 

133 

141 

144 

128 

III- 

: nil) ' 

106 1 

! 113 

25 

144 , 

144 

148 

148 

150 

154 

134 

132 

133 

117 

m 

108 

i nil) 1 

116 i 

i 113 

26 

134 

130 

134 

142 

132 

124 

114 

114 

no 

112 

105 

nil 

i no ' 

in 

; 100 

27 

126 i 

130 

129 

129 

! 128 

126 

121 

118 

122 

120 

j 112 

109 

' 112 ' 

99 

: nil 

28 

179 

171 

146 

138 

1 134 

122 

146 

138 

1 118 

(131) 

VIA 

138 

' 122 

113 

; iiH 

29 

121 

120 

121 

122 

; 126 

J17 

117 

101) 

121 

109 

107 

109 

■ no 

1 III 

I ills 

30 

122 1 

122 

120 

128 

1 122 

117 

122 

110 

! 106 

97 

01) 

Kill 

no 

103 

. 105 

31 

118 

117 

116 

116 

1 116 

114 

110 

no 

1 106 

104 

0(5 

91) 

108 

lllli 

! 00 


V — September, 19JJ!. 


1 

120 

116 

120 

118 

117 

114 

113 

109 

106 

97 

103 ' 

8i) 

93 

97 1 

99 

2 

116 

118 

121 

121 

121 

]]4 

114 

114 

117 

125 

113 

III.') 

mi ! 

1115 

11.3 

3 

120 

117 

114 

114 

114 

114 

111 

114 

112 

11)1 

9(5 

inn 

io;5 , 

99 

101 

A 

114 

114 

114 

117 

114 

]13 

114 

114 

114 

in 

(111)) 

nil) 

mi , 

mi 

9n 

6 1 

150 

137 

130 

134 

130 

121 

114 

112 

]12 

nil) 

104 , 

110 

97 , 

105 1 

1 12 

6 ' 

162 

152 

133 

128 

126 

122 

129 

121 

124 

J3(5 

122 1 

112 

103 

99 ' 

no 

7 

144 

132 

122 

121 

117 

116 

121 

114 

120 

J21 

108 

nil) 

11(5 

1(19 { 

loo 

8 

126 

126 

136 

118 

128 

121 

116 

117 

120 

116 

112 , 

nil 

mi 

nil) ; 

mo 

9 - 

136 

136 

124 

128 

121 

116 

113 

106 

106 

no 

100 : 

•95 

mi ! 

mo j 

111 

10 

138 

136 

124 

125 

114 

117 

118 

114 

117 

112 

111 

in 

117 

mo ; 

mil 

11 

132 

130 

133 

138 

130 

132 

130 

128 

125 

12(5 

120 

101 

91 

91 : 

mi 

12 

128 

120 

121 

118 

121 

116 

117 

117 

118 

109 

113 

IM 

109 

96 ' 

93 

13 

148 

154 

138 

126 

126 

128 

122 

125 

121 

120 

130 1 

125 

99 

loo ' 

nil 

14 

124 

126 

120 

120 

117 

118 

126 

132 

118 

133 

81 

104 

12(5 

mi ; 

ion 

16 

136 

126 

126 

130 

126 

122 

121 

125 

120 

112 

11(5 

9(5 

lOf) 

97 ' 

105 

16 

122 

121 

122 

120 

121 

118 

114 

114 

112 

104 

inj 

97 

103 

101 ! 

m;i 

17 

133 

132 

136 

126 

122 

117 

114 

(108) 

(101) 

95 

96 

96 

99 

105 : 

m;4 

18 

132 

144 

171 

160 

146 

144 

162 

162 

118 

99 

96 

13(5 

132 

no 

112 

19 

160 

179 

152 

144 

122 

124 

126 

128 

129 

138 

118 1 

120 

1211 

10!) ' 

105 

20 

124 

122 

126 

129 

134 

148 

162 

141 

148 

146 

124 i 

118 

mo 

lUH ' 

97 

21 

138 

140 

144 

148 

144 

138 

120 

120 

no 

121 

117 

117 

' mo 

nil ! 

no 

22 

148 

166 

160 

166 

148 

144 

140 

128 

132 

136 

113 

96 

113 

121 ' 

117 

23 

134 

133 

138 

160 

144 

148 

122 

93 

133 

112 

66 

71) 

83 

95 , 

mi 

24 

126 

118 

121 

120 

113 

113 

109 

114 

113 

124 

129 

110 

99 

88 i 

95 

26 

207 

176 

162 

144 

133 

137 

162 

168 

162 

117 

89 

83 

79 

85 i 

90 

26 

129 

126 

126 

126 

124 

122 

113 

118 

126 

126 

125 

136 

148 

120 i 

112 

27 

128 

129 

128 

126 

126 

121 

117 

117 

109 

120 

121 

109 

108 

101 1 

112 

28 

130 

129 

126 

124 

124 

118 

120 

108 

112 

no 

97 

9(1 

93 

95 1 

nil 

29 

124 

124 

122 

126 

124 

118 

116 

117 

(116) 

(116) 

114 

96 

101 

93 ' 

92 

30 

122 

121 

121 

120 

126 

124 

1 122 

118 

130 

134 

120 

117 

93 

103 : 

105 


612 


Hourly Values — continued. 


V — ^Au gust, 1 912. 




08000)' (-080.0 

.S. Unit) -H 




Maximum Reading 

Minimum Reading 

15 h. 

in h. 

17 h. 

18 h. 

10 h. 

20 h. 

21 h. 

23 h. 

21$ h. 

2-1 1). 

and 

iimo. 


ana iimo 


y 

y 

7 

y 

y 

y 

y 

y 

Y 

y 

y ! 

h. 

Ttl. 

Y 

h. 

in. 

172 

146 

339 

205 

164 

150 

111 

138 

137 

130 

392 

10 

56 

68 

8 

47 

120 

121 

126 

132 

132 

126 

128 

128 

128 

131 

uo 

1 

4 

113 

12 

30 

122 

122 

121 

146 

162 

162 

158 

]4() 

1-10 

138 

174 

19 

25 

95 

10 

46 

117 

120 

122 

121 

125 

124 

125 

122 

118 

121 

142 

0 

7 

103 

12 

40 

120 

118 , 

120 

121 

122 

122 

120 

128 

129 

128 

132 

22 

20 

100 

12 

13 

- ^ 








_ 

- 


— 

146 

4 

12 

91 

7 

25 

124- 

130 

133 

133 

137 

144 

148 

146 

134 

134 

160 

20 

26 

101 

13 

20 

114 

126 

130 

128 

133 

130 

130 

132 

133 

133 

146 

9 

46 

109 

10 

43 

124 

124 

126 

132 

136 

136 

133 

134 

137 

144 

146 

24 

0 

106 

9 

63 

108 

117 

121 

122 

122 

121 

122 

124 

126 

124 

146 

0 

0 

100 

13 

20 

108 

114 

120 

120 

120 

121 

128 

129 

122 

124 

134 

21 

15 

96 

14 

12 

122 

122 

122 

122 

122 

122 

124 

126 

126 

124 

130 

1 

0 

117 

6 

65 

114 

114 

116 

118 

118 

120 

126 

124 

122 

122 

133 

8 

40 

no 

12 

60 

109 

113 

120 

122 

118 

117 

128 

126 

134 

144 

146 

24 

0 

104 

14 

12 

113 

117 

116 

120 

117 

122 

118 

120 

118 

118 

148 

0 

4 

104 

12 

30 

114 

121 

122 

122 

120 

121 

120 

122 

122 

122 

124 

18 

0 

99 

12 

18 

103 

113 

122 

146 

148 

166 

156 

166 

171 

182 

183 

24 

0 

88 

14 

17 

114 

117 

120 

122 

124 

125 

126 

130 

129 

130 

186 

0 

20 

106 

12 

32 

120 

137 

137 

137 

136 

141 

146 

176 

179 

164 

191 

21 

35 

86 

10 

48 

106 

109 

120 

122 

124 

122 

12G 

133 

138 

140 

164 

0 

0 

99 

12 

25 

101 

100 

112 

117 

130 

134 

132 

130 

148 

168 

175 

23 

22 

86 

15 

45 

97 

130 

152 

133 

136 

164 

164 

148 

144 

146 

182 

20 

2 

87 

14 

33 

124 

125 

133 

134 

152 

160 

168 

170 

174 

i 162 

208 

4 

23 

103 

12 

47 

105 

121 

118 

122 

130 

154 

182 

164 

160 

1 144 

188 

20 

43 

96 

12 

50 

122 

117 

124 

128 

138 

148 

132 

144 

134 

134 

164 

4 

46 

96 

9 

50 

114 

121 

130 

126 

125 

126 

126 

128 

126 

126 

148 

2 

43 

83 

10 

50 

103 

112 

110 

117 

130 

129 

124 

12!) 

146 

179 

182 

24 

0 

93 

13 

0 

126 

124 

125 

125 

122 

121 

114 

114 

116 

121 

190 

0 

30 

91 

9 

12 

106 

110 

116 

121 

122 

124 

124, 

120 

122 

122 

138 

3 

66 

85 

6 

54 

103 

113 

117 

124 

116 

136 

122 

120 

121 

118 

140 

19 

66 

84 

10 

42 

103 

120 

116 

114 

117 

122 

116 

114 

118 

120 

126 

16 

6 

85 

10 

52 


V — Septembe r, 1W2. 


100 

109 

no 

116 j 

122” 

120* 

no 

117 

ns" 

'lie 

' 128 

18 

39 

86 

10 

66 

IJ4 

113 

114 

114 1 

117 

118 

128 

122 

120 

120 

132 

21 

0 

88 

10 

22 

112 

114 

113 

114 

114 

114 

in 

118 

no 

114 

129 

8 

66 

91 

10 

5 

100 

99 

101 

113 

114 

117 

122 

124 

J38 

160 

166 

23 

50 

76 

11 

15 

no 

116 

114 

117 

117 

124 

130 

134 

J48 

l(i2 

170 

23 

40 

93 

12 

17 

105 

108 

no 

]37 

134 

137 

137 

168 

144- 

144 

170 

0 

0 

91 

12 

35 

109 

no 

]09 

no 

126 

133 

134 

133 

134 

126 

146 

0 

0 

99 

12 

5 

109 

114 

120 

118 

114 

130 

142 

138 

137 

136 

160 

20 

26 

99 

11 

33 

103 

no 

109 

117 

118 

121 

129 

136 

136 

138 

140 

24 

0 

79 

11 

0 

114 

106 

101 

112 

114 

114 

114 

120 

126 

132 

142 

0 

6 

96 

12 

60 

106 

no 

114 

129 

120 

136 

140 

133 

133 

128 

146 

20 

47 

77 

11 

60 

92 

99 

106 

118 

162 

146 

160 

158 

148 

148 

166 

21 

27 

83 

14 

30 

100 

100 

no 

114 

122 

122 

122 

122 

118 

124 

166 

0 

40 

91 

11 

43 

124 

118 

109 

121 

122 

122 

133 

141 

140 

136 

162 

8 

32 

71 

9 

38 

112 

114 

114 

114 

118 

120 

120 

121 

122 

122 

138 

0 

0 

83 

11 

30 

100 

108 

no 

114 

121 

124 

130 

136 

136 

133 

138 

23 

0 

96 

n 

16 

116 

112 

113 

120 

122 

118 

120 

122 

121 

132 

141 

2 

3 

86 

10 

36 

114 

120 

I 128 

132 

137 

164 

148 

118 

168 

160 

182 

2 

18 

63 

9 

43 

113 

116 

129 

128 

126 

126 

128 

1.‘0 

124 

124 

191 

0 

40 

99 

10 

6 

96 

100 

113 

121 

126 

138 

141 

137 

136 

138 

171 

8 

36 

91 

16 

36 

122 

126 

1 125 

128 

122 

118 

124 

130 

134 

148 

164 

3 

26 

101 

12 

16 

108 

106 

109 

106 

118 

122 

130 

136 

136 

134 

164 

0 

26 

83 

11 

16 

101 

95 

; no 

112 

122 

126 

130 

122 

126 

126 

162 

2 

36 

63 

10 

0 

101 

152 

. 150 

160 

183 

207 

243 

259 

263 

207 

293 

22 

17 

83 

13 

20 

108 

124 

121 

117 

129 

132 

130 

132 

130 

129 

209 

0 

2 

71 

12 

10 

104 

122 

116 

118 

124 

126 

129 

130 

130 

128 

152 

n 

52 

85 

10 

12 

112 

113 

114 

117 

118 

122 

122 

122 

128 

130 

144 

9 

66 

88 

8 

32 

103 

no 

: 114 

116 

118 

120 

124 

122 

124 

124 

130 

0 

0 

86 

10 

3 

96 

106 

. 109 

114 

120 

122 

122 

122 

122 

122 

129 

0 

36 

77 

11 

13 

106 

109 

113 

120 

122 

122 

126 

126 

129 

134 

160 

8 

67 

91 

11 

68 


613 2 b 


Sourly Values — continued. 


V — October, 1912. 


Day. 

08000y (-68 O.G.S. Unit) + 


Oh. 

1 h. 

2h. 

3h. 

4h. 

61i. 

6h. 

7 h. 

8h. 

Oh. 

10 h. 

11 h. 

12 h. 

13 h. 

14 h. 



y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

1 

134 

133 

130 

137 

132 

126 

118 

116 

110 

109 

103 

93 

85 

92 

109 

2 

237 

239 

216 

206 

— 

— 

— 

— 

— 

— 

136 

126 

117 

109 

108 

3 

126 

121 

129 

126 

122 

120 

117 

121 

130 

142 

136 

113 

101 

101 

100 

4 

124 

124 

129 

122 

117 

114 

120 

no 

116 

117 

118 

104 

88 

105 



D 

— 

— 

— 

— 

— 

— 

— 

— 

— 

125 

122 

120 

106 

104 

99 

6 

132 

129 

128 

125 

122 

118 

114 

117 

112 

(112) 

(111) 

no 

93 

80 

87 

7 

122 

129 

130 

130 

137 

125 

118 

112 

106 

109 

120 

106 

91 

83 

99 

8 

122 

121 

137 

128 

116 

114 

114 

116 

116 

129 

128 

129 

133 

100 

99 

9 

136 

132 

137 

144 

134 

124 

116 

126 

122 

126 

121 

117 

109 

95 

no 

10 

125 

129 

124 

120 

122 

118 

121 

114 

105 

— 

— 

— 

. — 





11 

— 

— 

— 

— 

— 

164 

14« 

128 

117 

137 

130 

— 

— 

57 

59 

12 

136 

112 

146 

126 

114 

120 

84 

93 

93 

89 

101 

104 

67 

49 

63 

13 

148 

160 

140 

137 

126 

]17 

no 

120 

128 

124 

114 

104 

81 

84 

76 

14 

168 

144 

142 

128 

129 

114 

(114) 

(114) 

(114) 

114 

95 

83 

91 

84 

91 

16 

200 

198 

211 

172 

144 

138 

134 

144 

132 

12 i 

136 

118 

no 

106 

97 

16 

126 

136 

140 

144 

126 

114 

101 

164 

128 

144 

117 

121 

108 

100 

103 

17 

140 

134 

130 

129 

134 

132 

104 

87 

126 

134 

132 

117 

101 

99 

83 

18 

126 

122 

122 

113 

109 

110 

117 

130 

84 

83 

86 

103 

97 

96 

97 

19 

117 

114 

112 

110 

113 

108 

no 

109 

103 

96 

91 

83 

72 

75 

86 

20 

112 

121 

120 

133 

122 

106 

100 

96 

96 

101 

104 

84 

67 

63 

86 

21 

103 

104 

104 

103 

99 

96 

72 

47 

66 

69 

63 

no 

33 

77 

80 

22 

103 

109 

121 

116 

103 

89 

84 

71 

75 

09 

79 

80 

77 

79 

92 

23 

101 

100 

106 

97 

96 

81 

80 

79 

93 

39 

10 

17 

53 

43 

49 

24 

103 

106 

108 

101 

93 

87 

95 

lOO 

84 

79 

77 

69 

68 

73 

70 

26 

106 

101 

1(X) 

97 

96 

97 

68 

75 

87 

99 

80 

71 

87 

99 

93 

26 

113 

118 

112 

106 

100 

92 

79 

89 

106 

96 

07 

69 

67 

75 

77 

27 

103 

106 

— 

— 

— 

— 

. — 

— 

— 

69 

66 

69 

65 

55 

01 

28 

126 

130 

126 

128 

132 

134 

122 i 

106 

86 

86 

80 

80 

75 

68 

(i8 

29 

122 

125 

114 

116 

110 

113 

103 

73 

69 

101 

88 

96 

91 

92 

89 

• 30 

101 

103 

101 

100 

109 

101 

87 

73 

83 

79 

73 

70 

63 

51 

47 

31 

96 

112 

120 

J06 

104 

117 

100 

96 

96 

66 

79 

83 

88 

77 

61 


V — ^November, 1912. 


1 

104 

99 

109 

118 

no 

121 

108 

“88 

76 

70 

69 

73 

79 

81 03 

2 

168 

134 

133 

130 

133 

121 

116 

101 

95 

91 

93 

95 

87 

86 84 

3 

132 

113 

109 

96 

88 

92 

92 

96 

89 

91 

85 

34 

^9 

46 66 

4 

106 

93 

99 

95 

92 

81 

72 

69 

63 

76 

95 

77 

84 

72 1 67 

5 

97 

no 

104 

108 

91 

88 

87 

90 

70 

83 

49 

46 

51 

46 , 49 

6 

106 

101 

113 

117 

132 

113 

126 

148 

no 

92 







7 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

142 

130 

96 

71 I 81 

8 

164 

183 

171 

121 

116 

97 

80 

96 

101 

122 

105 

89 

80 

84 ! 71 

9 

120 

126 

136 

48 

171 

164 

126 

117 

106 

— 

— 


— 


10 

— 

— 

■ — 

— 

— 

— 

, — 

— 

— 

39 

31 

19 

6 

4 21 

11 

164 

172 

203 

232 

191 

148 

109 

160 

129 

76 

116 

69 

66 i 

75 77 

12 

180 

236 

219 

176 

160 

138 

162 

116 

120 

100 

(93) 

(86) 

79 

97 88 

13 

106 

106 

106 

106 

no 

89 

86 

91 

106 

80 

79 

77 

76 j 

69 1 66 

14 

103 

106 

106 

100 

97 

108 

104 

89 

80 


— 



1 

15 

— 

— 

— 

— 














, 

1 



16 

109 

100 

96 

88 

63 

49 

22 

80 

77 

112 

172 

47 

77 

63 73 

17 

106 

100 

114 

96 

66 

61 

66 

91 

61 

76 

33 

27 

— 


18 

— 

— 

— 

— 

— 

— 

— 

— 

— 

79 

113 

67 

2 

47 67 

19 1 

99 

_96_ 

J2 

_no_ 

10^ 

73 

71 

6L 

42 _ 

36 

63 

77 

79 

97 — 


614 



Hourly Values — cmUinued. 


V — October, 1912. 


osoooy ('68 C.G.S. Unit) + 

Maximum Heading 

Minimum Rending 

1/5 h. 

US h. 

17 h. 

18 h. 

10 h. 

20 h. 

21 h. 

22 li. 

2 ;s h. 

24 li. 

and Time. 


and Time. 


V 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

h. 

m. 

y 

h. 

in. 

101 

85 


162 

164 

183 


— 

120 

237 

241 

23 

35 

69 

10 

10 

114 

121 

no 

121 

117 

122 

124 

124 

126 

126 

249 

1 

10 

101 

14 

16 

100 

106 

109 

113 

126 

124 

124 

126 

124 

124- 

148 

9 

2 

87 

11 

35 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

140 

8 

40 

66 

11 

37 

95 

99 

100 

110 

114 

140 

134 

130 

130 

132 

146 

19 

63 

88 

16 

10 

95 

103 

104 

106 

110 

117 

114 

122 

120 

122 

134 

0 

16 

77 

12 

33 

99 

100 

104 

110 

114 

114 

116 

122 

122 

122 

140 

3 

57 

78 

12 

42 

99 

101 

106 

106 

113 

120 

129 

134 

140 

136 

166 

8 

56 

93 

14 

15 

114 

106 

103 

114 

116 

118 

126 

130 

130 

125 

162 

9 

4 

83 

12 

46 

— 

— 

— 

— 

— 

— 

— 

. — 

— 

— 

137 

1 

28 

91 

8 

18 

G5 

88 

86 

89 

86 

108 

103 

106 

121 

136 

164 

7 

55 

— 

— 

- 

67 

79 

80 

103 

no 

116 

132 

138 

142 

148 

156 

1 

68 

43 

12 

40 

85 

80 

83 

87 

104 

no 

117 

126 

137 

158 

170 

23 

50 

61 

12 

2 

81 

84 

92 

85 

100 

144 

174 

164 

203 

200 

214 

23 - 

0 

66 

]() 

45 

87 

109 

106 

118 

122 

117 

122 

129 

126 

126 

233 

i 

47 

71 

14 

33 

101 

99 

89 

104 

114 

120 

132 

133 

162 

140 

186 

7 

5 

87 

17 

0 

69 

79 

92 

103 

113 

121 

129 

137 

138 

126 

166 

8 

17 

63 

15 

2 

95 

92 

96 

99 

108 

110 

118 

129 

126 

117 

146 

7 

2 

61 

10 

16 

87 

91 

93 

100 

106 

108 

no 

120 

no 

112 

120 

0 

28 

68 

12 

20 

87 

85 

92 

97 ! 

101 

106 

104 

105 

106 

103 

138 

2 

42 

56 

12 

40 

79 

109 

112 

112 

99 

96 

100 

100 

103 

103 

126 

11 

3 

4 

12 

2 

88 

91 

93 

93 

97 

99 

97 

101 

100 

101 

129 

1 

30 

42 

10 

42 

59 

75 

89 

88 

96 

99 

113 

100 

99 

103 

120 

20 

57 

-20 

9 

32 

79 

76 

85 

85 

88 

96 

99 

104 

101 

106 

112 

22 

0 

66 

12 

8 

92 

92 

92 

99 

99 

(99) 

99 

no 

116 

113 

121 

23 

23 

36 

10 

60 

77 

81 

85 

91 

91 

100 

109 

99 

100 

103 

128 

1 

8 

45 

10 

62 

57 

68 

75 

87 

93 

101 

106 

no 

114 

125 

127 

24 

0 

61 

12 

66 

65 

81 

84 

92 

95 

108 

no 

118 

126 

122 

142 

4 

52 

42 

13 

40 

89 

87 

79 

87 

91 

88 

100 

104 

103 

101 

134 

4 

47 

43 

7 

40 

61 

67 

67 

91 

113 

103 

99 

100 

103 

96 

122 

19 

20 

39 

14 

0 

49 

59 

77 

99 

96 

100 

104 

99 

99 

104 

129 

4 

48 

36 

14 

38 


V — ^Novombor, 1912, 


72 

79 

87 

92 

91 

121 

109 

129 

146 

168 

162 

23 

42 

61 

10 

16 

79 

81 

91 

87 

95 

104 

no 

129 

130 

132 

162 

0 

6 

71 

16 

39 

65 

72 

72 

85 

89 

97 

104 

91 

96 

106 

134 

0 

0 

22 

10 

43 

63 

67 

72 

81 

84 

93 

101 

92 

91 

97 

113 

0 

6 

42 

7 

42 

49 

51 

68 

81 

83 

84 

97 

103 

100 

105 

118 

3 

27 

27 

11 

15 

— 

— 

— 

— 

— 

— 

— 

— 

— 



187 

6 

28 

69 

8 

37 

89 

100 

100 

106 

109 

no 

120 

126 

100 

164 

162 

23 

67 

66 

13 

20 

71 

76 

89 

93 

93 

100 

122 

124 

120 

120 

198 

1 

17 

63 

14 

12 

— 

— 

— 


— 

— 

— 

— 

_ 

_ 

182 

4 

2 

96 

8 

6 

35 

49 

61 

77 

91 

137 

162 

162 

179 

164 

191 

23 

18 

-32 

9 

37 

73 

95 

106 

106 

118 

148 

164 

166 

176 

180 

298 

1 

60 

23 

9 

6 

89 

95 

96 

93 

96 

96 

104 

106 

113 

106 

269 

1 

26 

69 

11 

66 

73 

80 

89 

96 

103 

104 

109 

109 

99 

103 

133 

8 

62 

25 

10 

36 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

114 

6 

26 

67 

8 

26 

— ' 

— 

83 

96 

109 

104 

99 

106 

106 

109 

117 

23 

66 

86 

17 

8 

87 

68 

87 

103 

97 

99 

95 

99 

114 

106 

261 

9 

7 

-67 

10 

47 

— 

— 

— 

— 

— 

— 

— 


— 

— 

146 

2 

18 

6 

10 

10 

66 

80 

71 

84 

91 

92 

89 

97 

97 

99 

154 

9 

26 

-20 

12 

10 

— , 

— 

— 

— 

— , 

— 

— 

— 

— 

— 

142 

7 

36 

1 -34 

6 

36 


616 


2 E 2 



]i. m. 

8 0 


6 

10 

16 

20 

26 

30 

35 

40 

45 

60 

66 

10 0 


G 1 3 
6 1 4 
6 0 4 
2 1 3 
1 6 3 

1 6 3 
0 6 3 
0 6 3 

2 6 3 
6 0 4 
6 1 4 
6 2 3 
6 4 3 
6 2 2 
4 4 1 
6 3 1 

6 3 1 
9 1 0 

7 0 0 


10 1 0 


y r y 

37 0 8 

24 1 4 

19 6 3 

18 4 1 

9 0 

12 1 . _ 

13 3 1 ] 0 

12 6 2 6 0 

14 8 1 6 0 

22 9 1 6 0 

11 22 10 1 6 0 

7 14 12 1 4 0 

4 7 13 1 6 0 

1 10 12 1 6 0 

0 8 12 0 6 0 

6 9 12 1 4 0 

6 11 11 1 3 1 

7 10 10 1 2 0 

2 1 1 

2 0 1 

2 1 1 


2 11 
1 10 


8 0 14 

8 0 12 

8 0 1 13 

1 ] 15 

3 1 21 

3 0 20 

4 0 28 

3 1 

0 1 


6 0 

G n 

5 0 

(i 0 

8 0 

0 I 6 0 


y y 

5 46 

3 46 

0 46 

1 44 

3 43 

6 42 

16 40 

14 37 

17 36 

20 34 

I 




r 

y 

3 

9 

6 

10 


0 23 3 

4 26 1 

3 ! 23 0 


26 C 
22 1 
18 £ 
14 4 

14 ^ 

10 4 


y y y 

0 20 16 

2 22 17 
2 22 16 
2 21 13 

1 21 10 

0 19 10 

1 20 
1 16 

1 19 
1 16 
1 16 
1 11 

2 8 



y y 

2 42 54 

1 39 40 

1 42 42 

2 45 39 

3 61 36 

3 41 42 

3 39 40 

3 34 45 

3 34 37 
3 28 47 

3 25 55 

2 27 50 

0 27 42 

1 17 47 

2 6 62 

1 0 70 

1 12 62 

1 6 65 

2 16 42 
0 26 37 

3 46 23 


y y 

3 20 

5 25 

5 27 
0 28 

3 26 

2 24 
2 22 
0 21 

4 20 

1 21 
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— 

Nov. 20, 1011. 

Nov. 24, 1011. 

Doo. 18, 1011. 

Boo. 22, 1911. 

Jan 

22, 1912. 

Jau. 26, 

1912. 

H 

D 

V 

H 

D 

V 

H 


p 

H 


R 


B 

0 

H 

D 

V 

h. 

m. 

y 

Y 

Y 

Y 

y 

Y 

Y 

Y 

Y 

Y 

y 

y 

y 

y 

y 

y 

Z 

r 

18 

0 

11 

11 

0 

7 

9 

0 

— 



2 

6 

0 

13 

16 

0 

— 

5 

1 


6 

11 

11 

1 

5 

6 

2 



— 

— 

1 

6 

0 

12 

11 

2 


4 

0 


10 

10 

7 

1 

6 

7 

2 

0 

16 

0 

2 

6 

0 

8 

12 

2 

— 

6 

1 


16 

10 

7 

1 

4 

G 

2 

1 

14 

0 

3 

6 

0 

8 

12 

2 


4 

1 


20 

8 

9 

1 

6 

9 

1 

0 

16 

0 

3 

6 

0 

7 

16 

2 

3 

4 

1 


26 

8 

8 

0 

8 

8 

1 

0 

12 

0 

4 

3 

1 

8 

12 

2 

2 

5 

1 


30 

7 

8 

1 

6 

G 

1 

2 

11 

0 

1 

2 

2 

G 

16 

2 

3 

4 

1 


36 

7 

7 

2 

G 

8 

0 

2 

10 

0 

1 

4 

2 

8 

11 

3 

3 

3 

0 


40 

7 

10 

1 

5 

9 

1 

2 

8 

0 

2 

1 

2 

6 

9 

4 

3 

3 

1 


46 

C 

4 

2 

6 

G 

2 

1 

8 

1 

2 

1 

2 

6 

8 

4 

4 

3 

1 


60 

6 

3 

2 

6 

6 

2 

0 

9 

0 

2 

3 

2 

4 

8 

4 

4 

2 

1 


66 

4 

4 

2 

4 

5 

1 

2 

7 

1 

2 

3 

3 

8 

8 

4 

3 

3 

0 

19 

0 

4 

2 

3 

4 

1 

2 

1 

G 

2 

2 

4 

3 

4 

3 

6 

2 

4 

0 


6 

1 

6 

3 

1 

4 

2 

0 

6 

1 

0 

4 

3 

0 

11 

4 

2 

2 

1 


10 

1 

6 

3 

0 

2 

2 

0 

5 

1 

2 

1 

3 

2 

9 

4 

] 

2 

1 


16 

1 

4 

3 

0 

4 

2 

1 

6 

1 

2 

2 

3 

7 

4 

6 

0 

■ 4 

0 


20 

I 

3 

d 

0 

1 

2 

2 

4 

1 

2 

3 

3 

G 

6 

6 

1 

4 

0 


26 

2 

3 

4 

0 

1 

2 

2 

4 

2 

2 

1 

3 

G 

8 

4 

1 

2 

0 


30 

1 

3 

4 

1 

1 

3 

2 

4 

2 

1 

1 

3 

n 

2 

6 

] 

1 

1 


36 

2 

2 

C 

3 

1 

3 

3 

3 

1 

3 

1 

3 

8 

1 

6 

0 

1 

1 


40 

0 

0 

G 

2 

2 

3 

3 

1 

1 

2 

0 

3 

G 

G 

4 

0 

2 

1 


46 

I 

3 

G 

4 

1 

3 

3 

1 

1 

0 

1 

2 

7 

2 

8 

0 

2 

1 


60 

2 

0 

7 

3 

1 

3 

1 

0 

1 

2 

0 

2 

0 

3 

6 

3 

2 

1 


66 

2 

0 

7 

5 

2 

3 

3 

0 

1 

0 

0 

2 

5 

4 

4 

2 

0 

1 

20 

0 

1 

1 

0 

4 

0 

3 

1 

0 

] 

1 

0 

2 

5 

0 

4 

0 

2 

] 


Term Hour Data. EsKUAiiEMum. 



May 20, 1911. 

Juuo 2, 1911. 

Juno 20, reil. 

Juno 30, 1911. 

July 24. 1011. 

July 28, 1911. 


N 


V 

N 

E 

V 


13 

R 

N 

JO 

R 

N 

K 

V 

N 

V] 

V 

h. m. 

V 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

Y 

y 

8 0 







11 

5 

16 

10 

G 

12 

() 

14 

8 


24 

17 

6 

18 

12 

14 

— 



— 

11 

G 

16 

10 

3 

11 

G 

12 

8 

.39 

29 

17 

10 

17 

11 

13 


. — 

— . 

10 

7 

16 

11 

3 

10 

9 

12 

8 

38 

28 

17 

16 

IG 

10 

13 

— 

— 

— 

10 

4 

ID 

11 

4 

10 

10 

16 

8 

36 

2G 

16 

20 

16 

10 

12 

. — 

. — 

— 

10 

8 

13 

11 

4 

10 

10 

13 

7 

34 

26 

14 

26 

16 

10 

12 

— 

— , 


10 

6 

12 

10 

4 

9 

11 

13 

7 

37 

26 

13 

30 

14 

10 

12 

. — 

— 

— - 

10 

6 

U 

10 

2 

9 

11 

12 

7 

38 

19 

11 

36 

13 

10 

12 

. — 

. — 

, — 

10 

G 

9 

9 

3 

9 

12 

11 

G 

27 

22 

12 

40 


10 

12 


.... 


9 

G 

8 

9 

3 

9 

10 

11 

6 

19 

17 

13 

46 

9 

10 

11 

— 

. — 

— 

10 

3 

7 

8 

3 

8 

8 

9 

6 

22 

9 

12 

60 

9 

9 

9 

— 

— 

. — 

10 

4 

6 

7 

3 

8 

10 

9 

6 

27 

16 

10 

66 

9 

8 

8 

— 

— 


8 

7 

G 

6 

3 

8 

8 

6 

6 

30 

9 

9 

9 0 

4 

9 

8 

— 

. — 

— 


8 

G 

6 

2 

7 

6 

8 

6 

24 

16 

7 

6 

6 

10 

8 

— 

— 

— 


7 

6 

6 

3 

8 

9 

10 

4 

29 

9 

6 

10 

6 

10 


H 

— 

— 


6 

6 

6 

1 

8 

8 

8 

3 

27 

6 

4 

16 

6 

10 


H 

— 

— 


8 

5 

4 

2 

7 

6 

10 

2 

26 

11 

3 

20 

6 

9 


H 

— 

— 


8 

6 

3 

2 

6 

6 

6 

2 

24 

0 

4 

26 

6 

6 


H 

— 


1 

7 

5 

3 

1 

5 

3 

3 

2 

17 

6 

3 

30 

4 

7 


H 

— 

— 

1 

7 

3 

3 

0 

4 

0 

6 

1 

17 

7 

2 

35 

3 

6 

3 


— 

— 

2 

5 

2 

2 

0 

4 

2 

3 

2 

17 

9 

1 

40 

3 

6 

2 

— 

— 

— 

2 

5 

1 

0 

0 

3 

2 

4 

2 

16 

9 

0 

46 

2 

3 

1 

— 

— 

— 

2 

3 

0 

1 

0 

2 

3 

3 

2 

17 

10 

0 

50 

1 

3 

0 

. 

— 

— 

2 

3 

0 

0 

0 

1 

3 

3 

1 

16 

3 

0 

66 

1 

1 

■1 

— 

— 

— 

0 

2 

0 

0 

0 

0 

3 

2 

0 

4 

0 

1 

10 0 

0 

■1 

m 

— 

— 

— 

2 

0 

0 

1 

0 

0 

6 

0 

0 

0 

2 

0 


617 


2k 3 























Term Hour Data. Eskdalemuir — continued. 
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Term Hour Data. Stonyhurst — continued . 



Nov. 20, 19U. Nov. 24, lOH, Doo. 18, 1911. Deo. 22. 1911. Jan. 22, 1912. Jan. 26, 1912. 
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Term Hour Data. Sbddin. 


May 20, 1911. Jimo2, 1011, Juno 20, 1911. Juno 30, 1011. July 24, 1011. July 28, 1011. 
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Term Hour Data. Seddjn — continued. 
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Term Hour Data. De Bilt — continmd. 



Nov. 20, 1911. 

Nov. 24, 1911. 

Doo. 18, 1911. 

Doc. 22. 1911. 
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Term Hour Data. Val Joybux. 
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Tebm Hoto Data. Val Joyeux — cordmued. 

Nov. 20, Iflll. Nov. 24, 1911. Deo. 18, 1911. Deo. 22, 1911. Jan. 22, 1012. Jan. 28, 1912. 






































Term Hour Data. Aq incourt — contin-md. 
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Term Hour Data. Cheltenham — contmued. 
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Term Hour Data. Tucson. 
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Teem Houe Data. Tuoson — continued. 
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Term Hour Data. Barraokpobe — oontimied. 
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Term Hoxjb JData. Honolulu — continued. 
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Term Hour Data. Alibag (Bombay)— conimMeti. 
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Tebm Hour Data, ICodaikanal. 

May 29, 11)11. I June 2, 1011. Juno 20, 1011. Juno 30, 1011. July 24, 1011. July 28, 1911. 
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Teem Houe Data. Kodaikanal — continued. 
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Term Hour Data. Pilar. 

































Term Hour Data. Pilar— eoniwited. 
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Diagrams and Magnetic Curves. 


Diurnal Inequalities. 

Quick Runs (on Term Hours). 
Sudden Commencements. 
Short Storms and Longer Storms. 



EXPLANATION OF PLATES, 


The diagrams in Plates I to XIV were plotted from the diurnal inequality tables 
in Chapter IV, The remaining plates, with the exception of Nos, LVI and LVII, are 
reproduced from tracings of the magnetic curves, very carefully made. Even original 
magnetic curves all sufEer from two defects. There is a variability, usually slight, in 
the length of hour intervals. This may arise from imperfection in the clock, or from 
stretching or bagging of the paper. The Antarctic curves did not sufEer much from 
this defect ; but, as it so happened, it was specially prominent on April 9, 1911, during 
one of the storms that has been reproduced. The second defect is that known as 
“parallax ” ; the line joining corresponding positions of the dots of light which answer 
to the curve and the base line is not strictly perpendicular to the latter. As explained on 
p. 286, there was a difEerence in the parallax errors of the three Antarctic curves. If we 
suppose the hour mark to show the correct time for the N' trace, the points answering 
to the true hour in the E' and V traces were on the average respectively 0-6 mm. and 
0 • 9 mm, to the right of the mark. In the ordinary curves 0 • 6 mm. represented 1 • 8 and 
0-9 mm. represented 2-7 minutes of time. 

In the reproductions of the term-hour curves, the So.s and the shorter storms in 
Plates XV to XLI, the difference in parallax error has been corrected, at least approxi- 
mately, and points on the tlixee Antarctic curves, having a common abscissa, represent 
the same time. But the reproductions of the longer storms show the same relative 
errors of parallax as the originals. In some cases, where a short storm is included, 
corresponding points in the three traces are indicated by short vertical lines with 
numerals 1, 2 . . . attached. 

The parallax and clock errors in the curves from the co-operating stations were 
only sometimes known. Some of these curves were very faint and the definition was 
not always good. Thus the accuracy of reproduction in their case is probably less 
satisfactory. 

The great majority of the short breaks in the longer storms represent the loss of 
trace during the time taken to change the sheet, an operation usually performed between 
20 h. and 21 h. G.M.T. 

The horn's shown in the Plates are G.M.T., except in. the case of Plates I to XI 
where the time shown is that of 180“ E. 






























































Plate XIV 


VECTOR DIAGRAMS FOR 6 DISTURBED AND 6 QUIET DAYS (TIMES Q.M.T.) 
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